AD=A088 033 BOLT BERANEK AND NEWMAN INC CANOGA PARK CALIF F/6 14/2
DEVELOPMENT OF NOISECHECK TECHNOLOGY FOR MEASURING AIRCRAFT NOI-=ETC (U)
MAY 80 P E RENTZs H SEIDMAN F33615-77-C-051'A
UNCLASSIFIED BBN-3862 =TR=78=




o

| uum 22

T mui
TR
22 s e

- MICR()COPY RESOLUIION TLST CHART
NATONA A a4k .o

e ————————



PETER E. RENTZ o
HARRY SEIDMAN : | “
" BOLT BERANEK AND NEwmzvma | |
PO.BOX633
'CANOGA PARK, CALIFORNIA 91305

MAY 1980 |
} i
\
wamm;m‘m_ | o | :
’ AR mmmmnmmv ‘
< DIVISON ;

wmm-umummwm ’ , | o

80 8 15 028




orauyotherpmorcamm ormwyh;mymormm&n :
mveuﬁmthtmymmmhem

mmmawm:ammmmwmmm Additionllewiecnybe
purchased from:

. National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government uenclcsand their contractors registered with Defense Documentation Center should direct
requests for copies of this repon to:

Defense Documentation Center
Cameron Station
Alexandria, Virginia 22314

TECHNICAL REVIEW AND APPROVAL
AMRL-TR-78-125

This report has been reviewed by the Information Office (O1) and is releassble 1o the National Techaical Information
Service (NTIS). At NTIS, it will be availabie to the general public, including foreign sations.

This technical report has been reviewed and is approved for publication.
FOR THE COMMANDER

La(w«&;(,.\

mmmmm
Ammmmm

AR ruuclm'mmm 1000 — 150

P s e




'SECURITY CLASSIFICATION OF THIS PAGE (Whan Date Entered)

READ INSTRUCTIONS
BEFORE COMPLETING FORM

2. GOVY ACCESSION NO.J 3. RECIPIENT'S CATALOG NUMBER
7 DEVELOPMENT OF *mxwmx CHNOLOGY FOR!/
ﬂEASURING émc T NOTSE EXPOSURE @
. ¥ *®.

st

$. PERFORM RGANIZATION NAME A ADDRESS T0. PROGRAM ELEMENT, PROJECT, TASK
ORMING ORGAN ° No AREA & IT NUMBERS

Bolt Beranek and Newman Inc. v 6
P. 0. Box 633 @723 02

Park. CA 91305
1. CONTROLLING OFFICE NAME AND ADDRESS <

e Svnedasiien WS

Petei/g./ﬁentz

Harry /Seidman

7/ vay w80 |

Air Force Aerospace Medical Research Lab

Aerospace Medical Division
Wright-Patterson AFB, Ohio 45433 140

$S(¢il ditferent from Contrelling Office) 18. SECURITY CLASS. (of this report)

Unclassified

8. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited,

17. DISTRIBUTION STATEMENT (of the abatract entered In Block 20, if different from Report)

18. SUPPLEMENTARY NOTES '

19. KEY WORDS (Continue on reverse side il necessary and identify dy block number)

Aircraft Noise
Airport Planning
Community Noise Exposure

20. ABSTRACT (Continue - reverse aide H neceasary and identily by block number)

-This report describes a program to develop instrumentation for
use by Alr Force personnel to make spot checks of the noise expo-
sure at locations 1n and about air bases. These instruments com-
bined with standardized field measurement procedures form a tech-
nology, termed NOISECHECK, which provides a means for measuring
the noise environment and checking daily average noise level
values (DNL's) calculated by the Alr Force NOISEMAP community-
alrcraft noise prediction program. —

DD . 5" 1473  eoition oF 1 nov es s omsoLETE 6/?"?(6 Ve >
SECTRITY CUANFICATIOW a7 TRis PAST 9hen Bors avorsd)
2SS EL T
gt :

R




B L e T PR DA AR e o o e e

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

ro

— ( Caonr r)

After analysis of mdé;:rement requirements and a survey of
avallable equipment,Xfour prototype portable noise level
monitoring systems we?e acquired. The principle components
were an electret type microphone and a microprocessor based
noise level monitor unit with alpha-numeric printout suit-
able for use (minimally trained personnel. The systems
were u%i}&ﬁeég¥n a fleld measurement demonstration test con-
ducted at Barksdale AFB in June 1978. In this three-week
field program, aircraft noise levels and operational data
were acqulired and analyzed in detail. to develop and evaluate
NOISECHECK procedures for test planning, test conduct, and
data analysis. R

The data analysis included determinatlon of yearly average
DNL values by several methods of varying complexity and
assessment of statistical confidence intervals for the
different methods. pDifferences between measurements and
predictions were traged to incorrect inputs to NOISEMAP
describing heavy airckaft operations at Barksdale AFB.

The detalled NOISECHECK procedures are provided in a
separate document.

SECURITY CLASSIFICATION OF THIS PAGE(When Data Enterec)




SUMMARY

This report describes a program to develop instrumentation
for use by Air Force personnel to make spot checks of the noise
exposure at locations in and about air bases. These instru-
ments combined with standardized field measurement procedures
form a technology, termed NOISECHECK, which provides a means
for measuring the noise environment and checking daily average
noise level values (DNL's) calculated by the Air Force NOISEMAP
community-aircraft noise prediction program.

After analysis of measurement requirements and a survey of
available equipment, four prototype portable noise level moni-
toring systems were acquired. The principle components were an
electret type microphone and a microprocessor based noise level
monitor unit with alpha-numeric printout suitable for use by
minimally trained personnel. The systems were utilized in a
field measurement demonstration test conducted at Barksdale AFB
in June 1978. 1In this three-week field program, aircraft noise
levels and operational data were acguired and analyzed in de-
tail to develop and evaluate NOISECHECK procedures for test
planning, test conduct, and data analysis.

The data analysis included determination of yearly average
DNL values by several methods of varying complexity and assess-
ment of statistical confidence intervals for the different
methods. Differences between measurements and predictions were
traced to incorrect inputs to NOISEMAP describing heavy air-
craft operations at Barksdale AFB.

The detailed NOISECHECK procedures are provided in a
separate docunent.
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INTRODUCTION
PURPOSE AND SCOPE

The purpose of this project is to develop standardized
noise measurement equipment and procedures for making spot
checks of the noise exposure at ground locations in and about
Alr Force air bases. The equipment and procedures, termed
NOISECHECK technology, is to be used by Alr Force personnel to
measure the noise environment and check the noise exposure
values calculated by the Air Force_ NOISEMAP community-aircraft
nolse exposure prediction program.

The scope of the project included the selection and pro-
curement of four prototype portable noise level monltoring sys-
tems, and the development of detalled procedures for performing

field measurements. The procedures involve test planning, data
acquisition and use of measured data to make yearly average

day-night noise level#* (DNL) estimates of predictable accuracy.
The procedures are presented as a separate document.

The project consisted of the following tasks"

. State-of-the-Art Survey

. Equipment Selection

. Fleld Test

. Data Analysis

. Critique

. Safety Study

. Development of Measurement Procedures

# Day-night noilse level 1is defined as the A-welghted sound
level averaged on a power basis over 24 hours with a plus 10 dB
welghting applied between 2200 and 0700 hours.




BACKGROUND

The USAF has recognized that 1ts airbases and adjacent
civilian communities must co-exist. In order to protect these
adjacent communities from the nolse and safety hazards associ-
ated with aircraft operations and preserve the operational
integrity of the airfields, the USAF has developed and imple-
mented the Air Installation Compatible Use Zone (AICUZ) con-
cept. An AICUZ for an airfield is generated from the composite
application of accldent potential zones (APZs) and Nolse Zones
(NZs). The Noise Zones are based on predicted day/night aver-
age sound level (DNL) contours. These contours are estimated
from airfield operational statistics, the noise generation
characteristics of the aircraft involved, (NOISEFILE), and
physical noise transmission relations embodied in NOISEMAP.

However, the contour estimates may be subject to error
because of incorrect aircraft operational input data, 1incorrect
aircraft noise data, or local acoustic phenomena not accurately
represented in NOISEMAP. Often, to resolve controversy or as

an aid in litigation, field measurements of a site DNL are
desired.

REPORT ORGANIZATION

Section 2 presents the results of the state-of-the-art
survey and equipment selection. The results of the system
safety program are presented in Section 3. Section 4 sum-~
marizes the field test measurement program which was conducted
at Barksdale AFB. Concluslions and recommendations are set

forth in Section 5. A detalled description of the field

measurement program and the analysis of field data 1s presented
in the Appendix.
[ 4

STATE-OF-THE-ART SURVEY AND EQUIPMENT SELECTION

Early in the program, a survey was performed to document
the state-of-the-art in the measurement of aircraft generated
noise levels. The survey was divided into two aspects, method-
ologlies employed and equipment available. The methodologies
survey was based on experience of measurement programs per-
formed at both military and civilian alrports. The equipment

survey was based mainly on manufacturer's specification data
and interviews with users.




FIELD MEASUREMENT METHODS

Fourteen different measurement programs performed at
either military or civil airports were reviewed. A summary of
pertinent program characteristics is given in Table 1. 1In the
category of information available, the types of alrcraft, the
yearly flight statistics, and the flight paths were known
beforehand for all military airbase surveys. NOCISEMAP predic-
tions, previous site measurements, radar flight tracks, and
performance profiles were available for approximately one-halfl
of the milltary airbase surveys.

Again referring to Table 1, the type of alrcraft opera-
tions producing the noise at the sites in question were equally

divided between takeoffs and landings with some pattern flying
and infrequent ground run-ups. The locations of the measure-

ment sites were usually adjacent to the transition portions of
the flight paths.

The categories of close-in, intermediate, and extended are
generally related to the position of the aircraft from brake
release or landing threshold. The definitions of the cate-
gorles are as follows:

Takeoff Operations

. Close-in (0 to 2 miles from brake release)
. Intermediate (1.5 to 4 miles from brake release)
. Extended (3 to 10+ miles from brake release)

Approach Operations

. Close~in (landing roll to 1 mile from landing
threshold)

. Intermediate (1 to 4 miles from landing threshold)

. Extended (3 to 10 miles from landing threshold)

The average number of measurement locations for the
programs reviewed was ten. On the large programs, especially
at Miramar NAS3, the units were moved from site-to-site so
that the maximum number of units in the field at any one time
never exceeded six for any programs listed.
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TABLE I

- FIELD MEASUREMENT PROGRAM

CHARACTERISTICS SURVEY SUMMARY ¥

Military Civilian Total
0 or
E“?%ﬁﬁﬁﬁ‘.f:.s?&@:: Ave:
P o gl E LR
3g§§$gag3§g§--
Fleld Measurement é g ‘3 ] § E § = g g £z g %
Frogran haracterdstie 228 iaaid|B5558
Information Avail. Beforehand
NOISEMAP X X X x x 5
Site Measurement X X 2
Types of A/C X X X X x X|x x x x X 14
Yearly Flight Statistics X X X X b4 b 10
Flight Paths X X X X X X X 14
Radar Flight Tracks X X X X X X 10
Alt. and Power PPofiles X X X X 6
Aircraft Operations
Ground Run-Up X X 2
Takeoff-Close =In X 3
Intermediate X X X X X ; X X X X 12
Extended b3 1
Pattern Flying X X X X X 5
Landing-Close -In X 3
Intermediate X X X X X{x X X X X 11
Extended X 1
Accuracy, 90% Confidence, + dB 111 2.5
Instrument Used
SLM X X x x X x 6
White box (BRI 704) X X X x XX x Xx x 12
Silver box (3BN 614) X X X X X 6
How many sites 3 3 4126 5 7 4466 1310 10 8 10 Ave.
Stanchions at Sites 1 1 33 -2 3 0 0 2] 0.3av
Security Fences or Homes 2 1 3 0 2 -26 310 10 6 | 0.4 avy
Measurements SEL X X X X X X X X X|Xx X X X X 14
(Primary HNL £ X X X x be x|x x x x 12
;ég:rlined) DNL (CNEL) X X x x 3
Duration Weeks e /A 2 21 2 1162 2 2 2 2 2+
Data Corrections
Number of A/C X X X X X X X X X x 14
Types of A/C X x X x 8
Flight Tracks X X X 3
Temp/Humidity Bounds Bounds
Site Extrapolation X X X x 4
Contour Lire X X X X x x{x x x x x 11

# References 3 - 14,
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Protection of the portable noise level monitor systems
from vandalism was a constant problem for most of the field
measurement programs listed. One unlt was stolen during the
Miramar study3. Suitable stanchions for chalning the units
to homes or fences were avallable approximately 30 percent and
40 percent of the time, respectively.

The average duration of the measurement programs was
slightly in excess of two weeks with only one of long duration
(16 weeks).

Portable noise level monitor units were employed on all
but two of the fileld measurement programs listed in Table 1.
The measurements performed on-site included DNL, HNL and 1ndi-
vidual aircraft SEL. Most of the measurement programs used the
measured SEL values to arrive at the desired expression of
dally noise 1level.

With regard to data analysis, corrections were applied to
&ll measured values for the number of aircraft. One-half of
tne programs separated the aircraft by types to arrive at cor-
rections. The only field measurement programs which did not
result in noise contour line veﬂification were those performed
to validate aspects of NOISEMAP™,

Confidence intervals were computed for only the program at
Miramar NAS3. The +2.5 dB interval indicated is considered
conservative in that instrumentation variability was added to
measured HNL variability in the computation of confidence in-
tervals. Thls method is conservative because some of the in-
strumentation variability 1s naturally included in the HNL
variability. Generally, confidence intervals were not stated
for the other 13 measurement programs elther because a commonly
accepted methodology for combining sources of uncertainty was
not avallable or because there were no requirements for specil-
fying the confldence intervals.

MEASUREMENT VARIABILITY

mates of the inherent variablility in single events and day-
rilght levels are desired. The results from various data
sources, including the Barksdale AFB field test performed as
part of this program, show that the varlability of single
events and day-night levels is essentially independent of

5 In order to plan efficient test programs a'priori esti-




distance, Table 2. This trend was verified by the Barksdale
AFB test results which showed similar SEL variabllity for all
sites. However, the magnitude of the single site variability
values was much greater at Barksdale than for previous
programs, even though the SEL's were segregated by type of
operation as well as type of aircraft.

Note that 6 dB is the average arithmetic standard
deviation of sets SEL values. Some standard deviations were as
small as 1.0 dB, usually for straight in approaches of heavy
aircraft.

An explanation for the large average SEL varlability at
Barksdale 1is that the alrcraft are flown with greater variety
of flight profiles than previously experienced. This can be
attributed to the preponderance of practice flying at
Barksdale. Measurement of slant distances and normalization of
measured SEL values would have provided a better understanding
of the sources of variabllity but this is not a primary purpose
of a site DNL verification field test.

Fortunately, the variability of SEL's is not critical to
overall measurement accuracy because thelr contribution to
overall uncertalnty decreases as the square root of the number
of samples (and numerous single event samples are easily
obtalnable).

TABLE 2
MEASUREMENT STANDARD DEVIATIONS, + 4B

Type Alrport

Type Measurment Alrcraft Civilian Military Barksdale¥*

Single Site SEL Same 3.2 1.5 6
Single Site SEL Different 3.4 5.3 12
Single Site DNL Different 2.3 3.4 3.0

¥ Measurements reported in the Appendix.
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The DNL variability at civilian airfields was found to be
less than for military airfields. The Barksdale DNL variabll-
ity results matched previous experience.

MICROPHONE CHARACTERISTICS AND SELECTION

The important microphone characteristics were determlned
by comblining a Literature and users survey with the results of
an analysis o: the NOISECHECK scenarios*. These important
characteristlcs are as follows:

Frequency response
Directivity

Humidity resistance
Sensitivity stability
Ruggedness

Power Consumption

Accurate measurement of signals between 5000 and 10,000 Hz
was consldered important since some alrcraft radiate signifi-
cant acoustic energy about 5000 Hz.

The frequency response of a microphone depends mainly on
two factors, size and damping. As the dlameter of the micro-
prione approaches an acoustic wavelength, the average pressure
of a grazing wave across the dlaphragm goes to zero. For this
reason, only one-half inch microphones were considered for
IHOISECHECK since the wavelength at 10,000 Hz is only slightly
#zreater than one 1nch.

Damping controls the pressure-to-deflection frequency re-
sponse function for a given microphone configuration. Damping

may be chosen so as to compensate for the pressure increase
effects for a normal incident sound wave. Microphones with

* The analysis of the NOISECHECK scenarios was part of the
system safety program.

12
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this degree of damping are called normal incidence microphones.
Other microphones with less damping have flat frequency re-
sponse for sound waves arriving at approximately 60° from
normal incidence. These are referred to as "random incidence"
or "pressure" type microphones.

For aircraft nolse measurements, it is usually possible to
point the microphone at the aircraft. Therefore, normal incil-
dence type microphones were seriously considered. However,
ailrcraft noise measurements are also usually performed with
windscreens over the microphone. The windscreen serves to pre-
vent wind gusts from reaching the microphone diaphragm which
cause low frequency pressure fluctuations (which are not
nolse). The windscreen also serves to collect rain, keeping
moisture from the microphone. For this second purpose, a
dense, sponge-like windscreen is desirable. To satisfy this
requirement, commercially available acoustic windscreens and
four inch diameter Nerf balls were investigated and found to
produce a high frequency roll-off which inversely matched the
pressure increase effect of an incident wave giving a net flat
frequency response, Figure 1. Unfortunately, the Nerf ball,
and to a lesser extent, four inch diameter acoustic wind-
screens, exhibit a slight (1 dB) hump in the frequency response
between 1,000 and 2,000 Hz. This has been hypotheslized to be
due to a one-quarter wave resonance in the windscreen. With
the mid-frequency hump in mind, the flat pressure response type
microphone along with a dense sponge-like windscreen was the
combination selected for NOISECHECK.

The specification characteristics of specific microphones
which are both commercially available and suitable for field

measurements are presented in Table 3. Some of the microphones
are known to have been used for field measurements, others are
included for completeness. After eliminating one-inch micro-
phones and 0° incidence microphones, the final cholce was
between the GEN/RAD Model 1962-9601 and the B&K Model 4166
microphones. The use of a quartz sealed diaphragm with a des-

sicant accessory was recommended in a National Bureau of Stan-
dards studylb.

However, the long term stability and humidity reslstance

of the air condenser microphone was not considered as important
as the ruggedness and absence of polarization voltage of the

13
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electret microphone. The dominant factor is that for
NOISECHECK, the units will be recalibrated frequently and lonyg
term environmental effects are, therefore, not important.

- @

PREAMPLIFIERS AND ACCESSORIES

Commercially avallable preamplifiers and accessories suilt-
able for NOISECHECK are listed in Tables 4 and 5, respectively.
The main differences between the preamplifiers are the type of
microphone fitting and whether or not polarlzation voltage is
supplied. With the selection of an electret type mlcrophone,
the standard 0.46-60 microphone fitting was required, no polar-
iza%ion voltage was necessary, and the GR Model 1972-9600 pre-
amplifier was selected. The power consumption for this unit 1s
lower than for 'any other preamplifier listed, which 1s due in
part to absence of polarization voltage.

Accessories chosen were the GEN/RAD Model 1567-9701 cali-
brator, Nerf ball windscreens, and commonly avalilable tripods.
For shipping cases, inexpensive sultcases were lined with poly-
urethane foam to the shape of the noise monitors. Accessory
cases were similarly lined for carrying battery, tripod, micro-
phones, preamplifier, cable, and locking chain.

PORTABLE NOISE LEVEL MONITOR UNITS

Fourteen prospective vendors were contacted in order to
develop a definition of the state-of-~the-~art in portable nolse
ievel monitoring. As a result of thelr replies, 1in-house
aexverlience and a recognition of desirable attributes for
NUISECHECK summarized in Table 6, general specifications were
developed. These are listed in Table 7.

As a result of the cost specification and operational

analyses, only the BBN Model 614 and DAI 607P are considered
acceptable. Table 8 compares the two units in detail; the

major areas of difference are as follows:
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TABLE 6

ATTRIBUTES OF PORTABLE NOISE LEVEL MONITOR

INPUT

. Uncomplicated command sequence designed for untrained
or infrequent operator

Tactlle feedback keyboard

Bright lighted digital dlsplay of command before entry

OUTPUT
Alpha-numerlc paper tape record
. Bright lighted digital display presenting information for
all three types of commands (set, read, and print)

plus error codes

. Machine status printout

MECHANICAL
. Balanced about carrylng handle

Accessable, quick disconnect batteries

. Separate microphone and accessories connectors
. Weatherproof connectors
. Three switches (power, welghting, response)

all normally to the right

19




TABLE 7
GENERAL SPECIFICATIONS FORK PORTABLE NOISE LEVEL MONITORS

Description Specification
Mechanical
Welpght with Batteries < 50 1b
Batteries
Removable Yes
Recharpeable Desirable
Life L Mode 3 Days
~.. Mode 1 day,250 events
Raln iroof Yes
Power for Preamplifier 15-25 vdC
(Desirable) 5 Ma
i Security Lock Yes
Tunction Freaquency Weighting
Linear Desirable
A Yes
D Optional
Detection True RMS
Time Constant Slow ANSI
S1.4-1971
Sampling Period < 0.5 sec.
Clock Accuracy + 10 sec/day
Computations
LEQ (Selectable time) Desirable
HNL Yes
SEL (Threshold Yes
adjustable)
LMAX for SEL Yes




TABLE 7 (CONT)

GENERAL SPECIFICATIONS FOR PORTABLE NOISE LEVEL MONITORS

Input

Output

Description

Impedance
Source Impedance
Noise Floor M"A"

Weighting with Source

Impendance
Dynamic Range

Automatic

Manual

Integral Printer

Sound Level
Range

Resolution

Time Printed with
LEQ
HNL
LDN
SEL

21

Specification

> 10 K@
< 70 @

- 100 dBV
80 dB
100 dB

Yes

30 - 130 dB
re: 20y N/M2

< 0.5 4B

Yes
Yes
Yes
Yes
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Area of

Lifrerence BBN 614 DAI 607P
utrtf-the-~shelf » Standard Unit Modification of re-
avallability cently developed unit
plus new printer

Speecification Acceptable Acceptable
requirements
cxtra Functions Acceptable Acceptable
[nput Pormat Acceptable Excellent
Jutput Format Slightly Excellent

ambiguous
Frinter Excellent Acceptable
readablility

In summary, the comparison centers on the printer. It 1s
felt that the human factors aspects of the DAI unit are
superior to the BBN unit, and that thls superiority outwelghs
the advantages of an off-the-shelf unit.

The DAI Model 607P unit is represented in Figure 2. The
“ront panel control labels are self explanatory. The other
accessible components are identified. The 1id, which 1is not
shown, 1s hinged at the back and protects the operating compo-
nents during unattended nolse level measurements.

Typlcal portable noise level monltor record listin.s are
presented as Figure 3. The header presents operator entered
parameter values along with the unit serial number. Nolse
level measurements 1nclude SEL, HNL, LEQ, and DNL. All of the
record listings consist of an alpha-numeric identification and
the parameter value. Further explanation of each parameter
identificatlion 1s presented in Figure 3 including initial
values which are pre-programmed into the unit.

The performance characteristics and operating instruction
for the portable nolse level monitor are presented in the com-
panion procedures document?2.
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NS zZero otherwise
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,gﬂi»;w.v.114!8}‘————‘—_—_BQTTeRY VOLTAGE= 6.9 {DNL beginning
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FIGURE 3 - DESCRIPTION OF PORTABLE NOISE LEVEL
MONITOR RECORD LISTINGS
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The performance of portable nolse level monitor units was
evaluated under laboratory amblent and extreme environmental
{ conditions. All specification parameters of Table 7 were
checked (except crest factor) and were found to be in compli-
ance. However, all units were found to exhibit a short term
drift characteristic of + 0.2 dB which 1is disconcerting but not
{ critical because of the average process inherent in field
.; measurements.

The frequency response and print quality were evaluated at
~10°C (14°F) and 50°C (122°F). The frequency response deviated
less than + 1.0 dB from 20 to 15000 Hz. No discernable change
in print quality occurred as a result of the extreme temper-
atures.

SYSTEM SAFETY PROGRAM

A system safety program was planned in accordance with
MIL-STD-88215 and conducted in conjunction with the other
tasks. As a result of the experience of the field measurements

program, the system safety analysis has been updated as
follows:

The purpose of the system safety program was to identify
potential conditions which could cause injury to the operators
of the instrumentation, or incorrect measurements, or loss of
equipment, or damage to the instrumentation while setting up
and making discrete spot checks of the ground locations in and
about Alr Force air bases and to plan preventive measures.

DEFINITIONS

The following definitions apply to this system safety
program:

. Safety - Freedom from those conditions that can cause
injury or death to personnel, damage to or loss of
equipment or property, or data.

. System Safety - The optimum degree of safety within
the constralints of operational effectiveness, time
and cost, attained through specific application of
system safety management and engineering principles
throughout all phases of a system's life cycle.




. Hazard - Any real or potential conditions such that
personnel error, environment, design characteristics,

procedural deficlencles, or subsystem or component
failure or malfunction can cause injury or death to

personnel, or damage to or loss of equipment or
property.

. Accident - Injury or death to personnel, or damage to
or loss of equipment or property.

HAZARD LEVEL CATEGORIES

A hazard level is a qualitative measure of hazards stated
in relative terms in accordance with MIL-STD-882 as follows:

Category I - Negligible

e+ssWill not result in personnel injury or system
damage

Category II - Marginal

.s...can be counteracted or controlled without inJjury to
personnel or major system damage

Category III - Critical

«++.Wwlll cause personnel injury or major system damage,
or will require lmmediate corrective action for
personnel or system survival

Category IV - Catastrophic

«eesWlill cause death or severe injury to personnel, or
system loss.

SYSTEM SAFETY PRECEDENCE

The achievement of optimal system safety has been
accomplished by a number of actions. Certain types of actlons
are preferable, in the following order:

30




Design - Protective design features for each ldentifiable
hazard have been selected if feasible and reasonable.

é | Safety Devices - Safety devices have been added for known
- hazards which could not be reduced to an acceptable level
‘ through design se.ection.

Procedures - Where 1t 1s not possible to preclude the
; exlstance of an identiflied hazard, the operating
; procedures were structured to minimize the probability of
occurrence.

Warning Devices -~ Where it 1is not possible to preclude or
minimize the probability of occurrence of an identified

hazard through design and procedures, passive warning
decals are to be employed.

RSN e T s e T Jan T

SYSTEM SAFETY ANALYSES

Three analysis techniques were employed. First, equipment
use scenarlos were constructed and evaluated, step-by-step, for
potential hazards. Secondly, users of similar equipment listed
any experience where a person was injured, equipment was
damaged, or equipment was lost. Thirdly, the Barksdale AFB
field test experlences with the prototype portable nolse level
monitor systems were compared with the preceding analyses.

In order to construct use scenarios, a baseline installa-
tion was established, Figure 4. Thils installation consists of
the portable noise level monitor unit chained to a stanchion
but with the microphone, preamplifier, and tripod unprotected.

The use of the portable nolse level monitor systems will
B involve at least three different modes of operation.

. Unattended operation for up to three days, measuring
average hourly levels (HNL) and computing the time
welighted day~-night level (DNL), followed by collection
of the tabulated levels and replacement of the

3 batteries with recharged units and recalilbration.

. Unattended operation for up to 24 hours, measuring
sound exposure levels (SEL), occurring at a rate up to
20 per hour, followed by a collection of the tabulated
levels and replacement of the batteries with recharged i
units and recalibration. ‘

I ————T R A s SR




Acoustic
Calibrator
MONITOR BOX
]
2 ft3 CABLE 10
40 1b - |
HNL, DNL, SEL Three Wire Standard M/izcroohone
! Microphone 1/2 inch
PRINTER Preomp‘ifier Wind-—Screen

SYSTEM BLOCK DIAGRAM

Chain or Wire
Through Handles
on Monitor Box

MMonitor -
poo==] Box g
= -

A
—_—— e Y S S T -

& Mic, and Preamp.
Tripod

STANCHION b

SYSTEM INSTALLATION

FIGURE 4. PORTABLE NOISE LEVEL MONITOR SYSTEM
COMPONENTS AND TYPICAL SYSTEM INSTALLATION

FOR SAFETY ANALYSIS
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. Attended operation, measuring SEL's occurring at a rate
up to 20 per hour, while continuously annotating the
tabulated results.

Interrogation, battery recharging, and recalibration will
be by minimally trained personnel. These personnel will trans-
fer the tabulated monitor readings to data summary forms for
subsequent analysis by either data techniclans or the field
test director.

The transportation and use of the equipment is represented
in Pigure 5. In this figure, three types of places are shown,;
the storage area, the roads between storage and measurement
location, and the measurement location.

Due to the nature and operation of the nolse level moni-
toring systems, four types of hazards were deflned as follows:

. Personal injury
. Incorrect data
Equipment damage
Equipment loss

.

Identified hazards were classified by type and are 1listed
in Table 9 through 12, along with the hazard category,
identification method, and corrective action taken.

GROUND HANDLING, STORAGE, SERVICING AND TRANSPORTATION

The noilse level monitoring systems are intended to be
portable, to be used at a variety of locations, and to be
relocated daily, 1f necessary. Therefore, ground handling,
storage, servicing, and transportation were maJjor considera-
tions in the design of the systems.

The noise level monitor has transportation contalner lined
with reslilient foam material to protect it from damage in
normal baggage and frelght handling situations.

Similarly, the fraglle accessories (microphones, preampli-
fier, and calibrator) are transported 1n resilient foam
material lined cases.
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FIELD MEASUREMENT DEMONSTRATION

I A field test was conducted at Barksdale AFB, Shreveport,
Louisiana from 5 to 22 June 1978 to demonstrate the portable
noise level monitor system and to develop procedures for test

planning, test conduct, data analysis, and critiqueing results.
. Details of the field measurement program and of the field data
analysis are presented in the Appendix.

L AIR BASE SELECTION

Barksdale AFB adjacent to Shreveport, Louisiana, was
selected for the field measurements demonstration because of
the following desirable characteristics:

. Types of missions - Both training missions and
operational missions are conducted.

. Alrcraft mix - Flight operations consist of both heavy
alrcraft (KC-135A and B-52G) and small fighter aircraft
(A/T=-3T7).

« Alprcraft volume - The volume of aircraft flight
operations is substantial, averaging 174 takeoffs
(departures plus pattern passes) daily.

+ Takeoff direction variety - The flyling activity is

regulated toward the southeast (Runway 14)
approximately 40% of the time.

. Weather - During the scheduled field test, the

temperatures, precipitation, and wind were forecast
(and were, in fact) moderate.

« Political sensitivity - The NOISEMAP contours at
Barksdale AFB were not under political challenge.

. Alrbase cooperation - A previous measurement program
(4) at Barksdale AFB had experienced willing and
knowledgeable airbase cooperations.

. Documentation - NOISEMAP contours and chronicles were
avallable.
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MEASUREMENT SITES SELECTION

Three different types of site DNL problems were selected
for evaluation. The types of problems are synonymous with the
location of areas in relation to the flight tracks as follows:

. An area perpendicular to the flight track with a large
DNL gradient (10 dB) and with the furthest point
hypothetically in question because it 1s in the
analytic model transition from air-to-ground and
ground-to-ground propagatlon.

. An area under the flight track from one to five miles
from the end of the runway where the closures of the
DNL contours were hypothetically in question.

. An area under pattern flying where previous DNL
measurements were hypothetically in question.

The location of the measurement sites in relation to the
Barksdale AFB runway and the NOISEMAP contours are shown in
Figure 6. Site 2 was used as a key site and measurements were
made there during the entire field test. The conduct of the
field test 1is described in detail in the Appendix.

DATA ANALYSIS PROCEDURES

For the purpose of this field demonstration, analysis of
the data from the Barksdale AFB field test consisted of 16
separate procedures. These procedures, the type data used, and
the results of the analysis are summarized in Table 13. The
procedures are organized in order of increasing complexity and
improved accuracy.

Before analyzing measured data, the frequencies of air-
craft operations for an average day were summarized from the
NOISEMAP chronicles for Barksdale AFB. This information was
required for all estimates of average day DNL values. The
procedure used 1is listed first in Table 13.

The least complex method of estimating average day DNL
values from measured data was to adjust the measured DNL values
for the frequency of appropriate aircraft operations. The
procedures using measured DNL values are grouped together as
the second listing in Table 13.

4o
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The most accurate method of estimating average day DNL
values employed measured SEL values. The portable noise level
monitor records were correlated with the tower log. Next, the
SEL values for types of aircraft and operation were compiled
and averaged.

Finally, average day DNL estimates were synthesized from
the averaged SEL values and NOISEMAP average day aircraft oper-
ation frequencies. The procedures using measured SEL values
are grouped together in the third 1listing in Table 13.

An alternate method of estimating average day DNL values
consists of extrapolating from a key site to satellite sites «r
the basis of energy averaged HNL values. The method is usually
efficient in that it requires less data analysis than synthesis
from SEL values. In addition, all HNL values which are
measured simultaneously at both sites may be utilized, includ-
ing partial day records which do not contribute measured DNL
values. The procedures using measured HNL values for extrapo-
lation to satellite sites are grouped together in the fourth
listing in Table 13.

Following the estimation of average day DNL values by one
or more of the above methods, the effect of weather conditions
and other bias errors was evaluated. These procedures are
grouped together as the fifth listing in Table 13.

Variabilities in measured data, equipment inaccuracies,
and uncorrected bias errors contribute to uncertainties in
average day DNL estimates. These uncertainties were expressed
in terms of statistical confidence intervals around the average
day DNL estimates. The procedure for developing statistical
confidence intervals is the final listing in Table 13.

TEST RESULTS, CONFIDENCE INTERVALS, AND CRITIQUE

The yearly average DNL values estimated from the field
measurements are presented in Table 14, Three basically
different analysis procedures were carried out, with resulting
different confidence intervals.

The results show that the average day DNL estimates for
all sites at Barksdale AFB are conslistently lower than NOISEMAY
predictions. 1In several instances, described in the Appendix,
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the differences were traced through 1lndividual alrcraft/
operation SEL differences to 1ncorrect NOISEMAP input data.
This procedure requires accurate reconstruction of aircraft
tlight profiles trom NOLISEMAP chronicles to arrive at a close
approximation of NOISEMAP SEL values.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions and recommendations are given below regariings
NOISECHECK technology. These are based upon the experience
gained in procuring and in utilizing the portable noise level
monitor systems in the field, and in analyzing the resulting
data, as described in detail in the Appendix.

INSTRUMENTATION

Field experience with the portable noise level monitoring
systems showed that all components performed reasonably well.
No identifiable problems occurred with the microphones, pre-
amplifiers, and accessories. No major problems were encoun-
tered with the portable noise level monitor units, although
several minor problems were experienced. These were:

. The paper supply roll jammed when the unit was
installed up-side-down

. Extraneous SEL's were recorded when the calibrator was
left on

. The unit identifies DNL's with the following day's date.

Particular advantages of the Digital Acoustics Model 607F
portable noise level monitor unit over previously available
units include:

+ Alpha-numeric identification of the printer output

« Header printout of unit status

. Paper supply and takeup for approximately eight day's
operation

« Presentation of commands on a brightly 1it display
before entry.
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The types of microphones, preamplifiers, and accessorles
employed 1n the prototype evaluation are all recommended for
future procurement for NOISECHECK. Similarly, portable noise
level monitor units satisfying the attributes and detalled
specifications of Tables 6 and 7 are recommended with the
following additions, or modifications:

1. Items presently in NOISECHECK, Version 1.
Weight - 40 pounds
Battery Life - 5 days with 200 SEL's per day

Internal battery charger with unregulated 12 volt DC
input.

2. Items for future consideration.
DNL identification corresponding to the day measured

Reactivation after calibration prohibited if calibrator
is left on microphone.

FIELD TESTING

Much of the experience gained in undertaking the field
measurements are reflected in the procedures2. Therefore,
extensive recommendations are not set forth in this report.
However, the following recommendations are felt to be
particularly pertinent.

Base cooperation is necessar for a successful field test.
This cooperation can be insured by advance planning and being
speciflic as possible about requirements. However, if the base
resources don't match expectations, flexibility and replanning
are recommended.

Equipment security is never totally satisfactory. The
preferred methods for insuring against theft are to locate in a
controlled area, preferrably a private residence, and/or to
properly chain the monitor unit. 1In the field, hypothesizing
of techniques for theft and improving methods to discourage
theft are recommended.

b6




Daily recalibration of the monitor units and tabu.at®t - :
the recorded values 1s recommended.

Analysis of the data using only measured DNL values ana
those corrected for alrcraft volume 1s recommended.

The correlations bhetween measured and predlicted year!;
average DNL values are obtained with measured SEL values,
aireratf't, and NOISEMAP yearly average flight statisties. hic
nmethod also permlits tracing of the ailfferences between men. o
and predicted DNL values to the alrcraft and operatiocnal - r
inpat to NOLISEMAP.

lt 1s common to t'ind differences between the predicte:
measured ONL values tor the various alr bases. The differer o
normally result from inaccurate Iinputs to the NOISEMAP pro.or..
These errors may result from incorrect power settings, altit.
profiles, t'light tracks, etc. The NOISEMAP program alco
assumes meteorological conditions that can blas the resuits @,
up to 1 dB.

FJTURE STUDY NEEUS

In the analyses of the {ield data undertaken in this pro-
Ject, a detaliled analysis of data variability was made, wiz:
subsequent calculaticn of statistical confidence intervali.
Major sources of variapility were humidity and temperature
differences which were identified but not corrected for beon i
of probable inaccuracies in the evaluation of these uncert.oi-.-
ties, TFurther study into evaluating the effects of temp: rutl o
and humidity on the noise generation from aircraft and l:rarn.-
mission through the atmosphere 1s recommended to permit wmor:
accurate average day DNL estimates from measured .Jata.

The variability analyses performed in this project tav-
necessarily involved a number of assumptions regarding the roo
sum square addlition of standard deviations, and consideratic:
of alternate methods of calculating confidence limits. 1t I:
felt that the problem of determining accurate estimates ct oo .-
fidence limits needs further study, particularly taking irnto
account the development of estimates of variability consiicri-.
the period of sampling with respect to yearly variability in
noise exposure.
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Determining aircraft volume correctlions for the measured
lata reguired summarizing the flight operational statistics
trom the NOIL3eEMAP chronicles. Similarly, tracing differences
between measurements and predictions required reconstructing
tndividual aircraft/mission SEL values from the DATASCREEN
chronicles. The DATASCKREEN chronicles at present give the
atrcraft code number and mission number by runway and flight
track. An additional cross reference of power profiles, delta
Skl and altitude profiles would be beneficial.

Uther studles that would improve the accuracy of the
HOISHMAP would include an investigation of the transition model
frcm air-to-ground versus ground-to-ground propagation. Also a
study of the sound duration model as a function of distance
would be beneficial.

48
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APPENDIX

FIELL MASUREMNTS AT BARKSDALE AFB

The field measurements program undertaken to demonstrate
the portable noise level monitor system and to develop proce-
tures for nolse test planning, test conduct, and data analysis
wis conducted at Barksdale AFB, Shreveport, Louisiana, fron o
to 22 June 1978. Three different types of site DNL problems
were selected for evaluation. The types of problems are synori-
Jmous with the location of areas in relation to the flight
tracks as follows:

L. An area perpendicular to the flight track with a large DKL
gradient (10 dB) and with the furthest point hypothetical-
ly in question because it is in the analytic model transi-
tion from air-to-ground and ground-to-ground propagation.

o

An area under the flight track from one to five miles from
the end of the runway where the closures of the DNL con-
tours were hypothetically in question.

2. An area under pattern flying where previous DNL measure-
ments were hypothetically 1in question.

The location of the measurement sites in relation to the
3arksdale AFB runway and the day-night level (DNL) contours are
shown in Figure 6 of this report. This figure was developed by
tracing the DNL contours* onto a 7.5 minute series (topo-
grapnic) Geological Survey map.

TEST CONDUCT
Upon arrival at Barksdale AFB, a coordination meeting was

srranged with the base commander by the base civil engineering
personnel. The activities represented were as follows:

*The DNL contours were computed and drawn by NOISEMAP.
NOISEMAP contours and chronicles were obtained from AFESC,
Tyndall AFB, Florida 32403 through Hq. SAC/DEV 0Offutt AFL,
Nebraska.

49




Activities Represented at Coordination Meeting

Organization

Barksdale AVFB

WPAFB
Brooks AFB
BBN

Activity

Base Commander
Assistant Base Commander

Civil Engineering
Weather Station

Tower Operations

FAA Rapcon

Base Hospital (Environmental

Health
AMRL/BBE
OEHL,/ECH

Contractor

The specific measurement site selections were made

after inspectlion of the areas.
was over air base property.

Therefore,

Only the pattern flylng area
permission to install

measurement systems had to be obtained from civilian property

oWwners.
permissions are as follows:

Site
Type Area Number
rFe2rpendicular 1
to flight track 2 (key)

3
Parallel to 2 (key)
flight track

202

203
Patterns 2 (key)

4

5

Site
Description

St. Jude Church
Freeway/Creek

Freeway/Airport
School

Freeway/Creek
Wallace Utility
Mt. Zion Church
Freeway/Creek

Ranger Tower
FAA transmitter

50

The sites and methods for obtaining necessary

Method of Obtaining
Permission

Telephone
Visit Contruction
Supervisor

"

Visit Construction
Supervisor

Visit Mrs. Wallace
Telephone Church
Officials

Visit Construction
Supervisaor

Contact Base Ranger
Contact Base FAA




Microphone installations at four of the six measurement
sites are shown in Figure A-1l. The terrain at all sites was
essentially flat. Trees were present around all sites, but
care was taken to ensure unobstructed line of sight to the alr-
craft at least at the point of closest approach. The noise
monitor units, which are out of the fields of view in the
installation pictures, were secured against theft. At Site
202, the monitor unit was locked inslide the Wallace utility
building. At all other sites, a chain was passed under the
handle, around the unit, and snugly locked. This prevented
opening of the unit. The rest of the chain was routed around a
tree or fence post and locked with a second lock. A plastic
bag was then draped over the unit to shield 1t from rain and to
make the installation less visible.

The chronology of the field test 1s presented in Table
A-1. Three noise level monitor units were used to perform
measurements at five sites. During the course of the field
test, a fourth unit was installed at the sixth site. How-~ver,
the fourth unit was subsequently found to have a defect causing
erratic data.

During the first week, BBN, OEHL/ECH, and AMRL/BBE
personnel participated actively. During the second week, BBN
was assisted by base personnel. These same base personnel
performed the necessary recalibration, moving, and shipping of
the instrumentation during the third week.

At the request of the field measurement team, aircraft
operations logs and weather logs were maintained by the
Barksdale AFB tower and weather personnel, respectively.

DATA COLLECTION
NOISE LEVEL DATA

The nolse levels measured by the portable noise level
monitors are automatically printed on paper tape records. The
printer listings are described in Figure 3 of this report.

Data records from three monitor units were edited to

synchronize the SEL, HNL, and DNL listings and are presented in
Figure A-2.




(b) Site 3, Looking Across Highway
To Airport School, Calibrator
on Microphone.

(a) Site 2, Looking North

(c) Site 203, Mt. Zion Church (d) Site 202, Wallace Utility
Looking South Building Looking East.

Figure a-1 Microphone Installations at
Measurement Sites 2, 3, 202 and 203.
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Table A=1
Chronology - Barksdale AFB Field Nolse Level NMeasurons

Site Number !

, Unit Unit Unit  Univ

; Day (June 78) Activity 101 102 102 107

% Mon 5 Meeting with base CMDR - - -

; Surveyed sites

‘ Tues 6 Selected sites, installed 1 2 3 -

units

Wed 7 Found paper jam 1 2 3 -
Thurs 8 Serviced units, extra SEL 1 2 3 -
Fri. 9 Serviced units 3 -

F Sat. 10 Serviced Units, Found 102

; mic knocked over by cow 1 2 3 -
Sun. 11 Moved 101 1/202 2 3 -
Mon. 12 Moved 103 202 2 3/203 -
Tue. 13 Serviced Units 202 2 203 -
Wed. 14 Serviced Units 202 2 203 -
Thur 15 Moved 101, Reset 103,

Installed 108 202/4 2 203 5

Fri 16 108 gdata erratic b 2 203 5
Sat 17 - b 2 203 5
Sun 18 Serviced units b 2 203 5
Mon 19 Serviced units h 2 203 5
Tues 20 Tower stopped log b 2 203 5
Wed 21 101, 108 packed up - 2 203 -
Thur 22 102, 103 packed up - 2 203 -
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FIGURE A-2 - TYPICAL PORTABLE NOISE LEVEL MONITOR
DATA RECORDS




The data records in this figure show three different
types of entries--status header, SEL's, and HNL's. The status
header, which is printed on operator command, must be printed
to initiate computation. The time period covered immediately
follows the recalibration of unit S/N 102 at location 2.

CALIBRATION OFFSET

During calibration, the portable noise level monitor
calculates the ratio of the incoming signal voltage to an
internal reference of 1.16 vrms. This ratio, expressed in dB,
is called the calibration offset. Variation in the calibration
offset is a measure of the drift of part of the calibrator-
microphone-pre-amplifier-monitor system. The calibration off-
set values from the field test are presented in Table A-2. The
range of the values for each unit is greater than the +0.2 4B
observed under ambient laboratory conditions. Possible sources
of variation in calibration offset under field conditions are
improper seating of the calibrator on the microphone and not
allowing the calibrator to stabilize for at least 30 seconds
before doing the calibration.

The calibration offset value is applied to calculated
levels at the time the particular noise value is printed.
Therefore, if the calibration offset changes during mid-day
recalibration, the previous SEL and HNL values are based on the
previous calibration offset and subsequent SEL and HNL values
are based on the new calibration offset. In addition, the DNL
value at the end of that day is based on the mid-day calibra-
tion offset even though the energy was accumulated throughout
the entire day. This computation method will cause minor dif-
ferences between measured DNL values and values calculated from
HNL values.

Since the calibration offset variation appeared to be
random in nature, no daily corrections were applied to the
measured data. Instead, the variation was considered an uncer-
tainty which was used, along with other uncertainties, to

determine statistical confidence intervals.

AIRCRAFT TOWER LOGS

The flight control tower maintained log of aircraft
operations during the field measurement program. A typical log
sheet is presented as Table A-%*. This log sheet covers the

*The tower log data sheet was redesigned after the test pro-
gram. The data in Table A-3 were copied from the original to
the new form.
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time from 8:58 to 10:14 on 7 June 1978. During that period of

time, the runway was changed from 14 (approaches over the

measurement sites) to 32 (takeoffs over the measurement sites). :
Note that no heavy alircraft operations (B-52 or KC-135) took }
place. The heavy aircraft operations usually occurred early i
and late in the day. i

WEATHER LOGS

Weather logs were maintained by the base weather
office. The temperature and relative humidity were tabulated
every three hours for the duration of the test program. A
typical weather log sheet is presented as Table A-4. This
particular log sheet covers the time period from 5 June through
9 June 1978.

PROBLEMS ENCOUNTERED

During the course of the field measurements, various
problems were encountered and mistakes were made.

. On five occaslons during the daily recalibration procedure,
a monitor unit was reactivated before the calibrator was
removed. This caused an extra SEL with significantly more
energy than the rest of the dally aircraft operations. To
rectify each of these mistakes, the affected HNL was recon-
structed from SEL's, and the affected DNL was reconstructed
form the corrected HNL's.

L ———e i

. During the initial installation, two monitor units were

, tipped back over against a nearby tree. Thls procedure

caused the paper supply reel in the thermal printer to jam.

Nevertheless, much usable data were obtained because the

, paper take-up mechanlism partially overcame the jamming. The

5 Jam because more serious, the print height became smaller,

: and finally no data were printed. It should be noted that

on any such occasion, the values for the last SEL, HNL, and

most importantly the last DNL may be read on the monitor LED
display.

. A microphone in it tripod was set on the pasture side of a
fence to make it less visible. However, a number of cows
vislted the area, knocking over the tripod. Fortunately, no
damage to the instruments was incurred. In addition, the
cows were present at the time the monitor unit was inspected
and the knocking over was assumed to have recently occurred,
with no apparent loss of data.
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. Tower personnel stopped Keepling the alrcrst't operalions log
as originally instructed ur Tuesday, June 20, wnile measure-
ment program was extersied untll Thursday, June 22. The con-

' duct of the test tad been turned over Lo the base personnel !

i the previous Thursday with mostly verbal instructions. For- Q

tunately, the loss of information was not critical to the i

Barksdale AWB field test prowran. The event possivly -could ;

have been avolded by making expiiclt arreements with sup-

porting personnel and/or reviewing Lhe dally progress by
telephone.

« The portable nolue ilevel monitor unites sensed and reccerded E
SEL events which could rnol be corrcrated witi, aircraft oper-—
atlons. The SEL values were generally low with short dura-
tions. While recalibrating unit 103 at site 3, extraneous
SkEL events were attributed te 1 mowing tractor operating on
the other side of the unopened freeway. Such extraneous SEL
events could have been avoided by setting the 3EL threshold
to a value higher than the 60 dB prc-set level. Subsequent-
ly, the threshold level was raised to 65 dB which di1d reduce
the number of extraneous SEL events, but they still outnum-
bered aircraft-related events. The threshold was malntained
at a level lower than necessary for heavy aircraft in order
to measure the noise levels of the small aircraft. This
would have been unnecessary {for a typical site validation.
Virtually no significant SEL information would have been
lost by setting the Skl threshold at 295 di* below the maximum
A-weighted sound level which was 9% to 105 dB depending on
the site.

. On one occasion, thse paper becam2 misaligned on the paper
take-up reel and rolded over on one edge. The problem was
traced to factory alignment of the printer. By re-adjusting
the printer in the factory, the misalignment problem was
solved.

. On one occasion, the battery voltage dropped below that
necessary to run the printer. T1his came about by using only
one battery in the unit while the second battery was being
recharged in the laboratory. On the occaslon in question,
the portable nolse level monitor unit was left unattended
for an extra day. Fortunately, even though the printer
failed to document SEL's and HNL's, the unit was still cal-
culating. With fresh batterles, the unit resumed printing.
At the end of that day the unit listed the DNL value for the
whole day.
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NOISEMAP AIRCRAFT OPERATIONS

The frequencles of aircraft operations over the
measurement sites for the six most frequently flow alrcraf:
were determined from the NOISEMAP chronicles and listed in

Table A-5. For synthesis of DNL values from measured SEL
values, four different types of aircraft operation were con-

sidered as follows:

Straight-in Approach
Pattern Approach
Pattern Takeoff
Straight-Out Takeoff

The number of each type of operation over the northern measure-
ment sites for both daytime and nighttime were derived by sum-
ming of appropriate mission frequencies. For example, four
different KC-135A pattern flying missions are listed as depart-
ing on Runway 32 with a total rate of 8.240 during the day and
1.780 during the night.

For each type of ailrcraft operation, the number of
nighttime operations was multiplied by 10 and added to the num-
ber of daytime operations to arrive at equivalent number of
daily operations shown 1n Table A-5. The sum of the equivalent
daytime operations, 329, was subsequently used to correct
measured DNL values. In addition, the number of equivalent
daily operations for heavy aircraft (B-52G and KC-135A) was
determined. This number, 174, was alternatively used to cor-
rect measured DNL values.

The numbers of practice operations were simllarly de-
rived for correcting measurements at the sites under the prac-
tice flight tracks in the east reservation. Noting that all
pattern operations are routed over the measurement sites north
of the runway, the number of pattern operations is simply the
sum of practice approaches and takeoffs.

ANALYSIS USING MEASURED DNL VALUES
TABULATION OF MEASURED HNL AND DNL VALUES

The measured HNL and DNL values tabulated directly from
the portable nolse monitor unit records for each of the five
sites are listed in Table A-6. For those situations during
recalibration when the calibrator was not removed before the
portable noise level monitor was reactivated, the HNL value was
reconstructed from the valid SEL values as follows:




AR DALY FREUENCIES OF FLICHT CPERATIONS OVER NORTHERN
MiALLa M S TEEL FROM NOISEMAP CHRONICLES
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L, =10 log £ 10 % - 10 loa(3600) ‘
p
where
L, = hourly nolse level (HNL), 4B
LAE = A-Welghted Sound Exposure Level (SEL), dB
p = summation index for SEL values 1n particular hour.

The day-night noise levels for those situations were then calcula?!  :

from the hourly noise levels as follows:

Lh (Lh+10)
Ly = 10 log ¢ 1010 4 10 10g 310 10 _ 10 10g(2h) (©
where
Ldn = day-night noise level (DNL), dB
Lh = hourly noise level (HNL), dB
1 = summation index for daytime HNL's
J = summation index for nighttime HNL's.

In addlition, the average sound levels were calculated from ti.
and DNL values for each complete day of data and are also 1i:r*:
Tf all 24 HNL values were available, the particular LEQ valu
calculated using Eq. (3).

Lh Eﬁ
L., = 10 logls 1020 + £ 1010 - 10 10p(24)
24 i 3
where
L2M = twenty-four-hour average noise level (LEQ), dRB
Lh = hourly nolse level (HNL), dB
1 = summation index for daytime HNL's
J = summation index for nighttime HNL's.
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If one or more daytime hourly noise levels were missing
and all nighttime hourly noise levels were recorded, the LEQ
was calculated using Eq. (4).

+10
Lan 9(Ly, )
Ly, = 10 log 1010 _ 310 10 ()
J
where
L?u = twenty-four-hour average noise level (LEQ), dB
Ldn = day-night noise level (DNL), dB
Ly = hourly nolise level (HNL), 4B
J = summation index for nighttime HNL's.

Inspection of the data in Table A-6 reveals missing HNL
values. The missing HNL values at sites 2 and 3 on June 6-7 are
due to the paper jam caused by 1installing the portable noise
level monitor units over backwards against trees. On other
occasions, HNL values were not printed because the unit was
being recalibrated.

SUMMARY OF FIELD TEST DAILY FLIGHT OPERATIONS

Next, the daily flight operations statistics were sum-
marized from the tower log sheets. The log sheet for the end
ot 7 June with totals of that day's operations over the
measurement sites 1s presented as Table A-7. These totals of
eary day's operations were summarized in Tables A-8(a), (b),
and (¢) for approaches, takeoffs, and patterns, respectively.
In each case, summaries were made for both heavy aircraft and
4’1 ailrcraft. Equlvalent numbers of daytime operations were
ti.ern computed by multiplying the numbers of nighttime operatons
by 10 and adding to the numbers of daytime operations. In
Tables A-8(c) and A-8(b), the reversing of the direction of
lights from Runway 14 (approaches over the measurement sites)
to Runway 32 (takeoffs over the measurement sites) is
apparent.

CALCULATION OF DAILY CORRECTIONS FOR AIRCRAFT OPERATIONS
If the daily proportlon of takeoffs and landings are similar to

the annual average, it 1s possible to adjust the daily DNL
values based on equation 5.
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Number NOISEMAP Equiv Average Day Operaticr.

A = 10 1og Yinpber Field Test Equiv Day Operations

Typically the ratio of takeoffs and landings vary from
day to day. Measurement at the same location for an extended
period of time will normally provide average operational data
that has a ratio similar to the annual average operational
data. During the fleld measurements at Barksdale, one location
was measured throughout the study. Thils was site 2. Correc-
tions for all aircraft and for heavy aircraft are shown in
Table A-9.

APPLICATION OF AIRCRAFT OPERATIONS CORRECTIONS TO MEASURED DNL
VALUES

The corrections for the number of aircraft operations
were applied to the measured DNL values in Table A-10 for total
aircraft volume and for heavy alrcraft volume. The energy
average and sample standard deviations were calculated. This
calculation was performed on a hand calculator with statistical
functions. 1In equation form, the energy average DNL value for
a specific site is given by

L

“dn
L = 10 log 1 10 *°
2
where
Eg; = energy average day-night noise level (DNL), dB
n = number of DNL values measured at the specific site
Ly, = individual day-night noise level (DNL), dB
L = summation index for DNL values.

Note that in all subsequent calculations 1involving sets
of data, the symbol "n" is used to represent the number of data
values involved in the particular calculation.
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Table A-10 ‘pplication of Corrections to Measured DNL Values - Site 2

Measured
Day of Week Date DNL Values
W 7 June 1978 73.9
Th 8 74.4
F 9 75.8
S 10 55.7
S N 56.5
M 12 68.4
T 13 76.4
W 14 71.4
Th 15 72.5
F 16 72.2
S 17 61.7
S 18 58.6
M 19 71.2
Energy Average A1Y Days 72.0
ONL (dB) Week Days 73.5
Energy Average A11 Days +2.8/-10.6
Standard Deviation Week Days +1.9/-3.4
A1l Aircraft Heavy Aircraft
Correction A11 Days .7 .6
6, dB Week Days -.3 -1.1
Corrected Energy A11 Days 72.7 72.6
Average DNL Week Days 73.2 72.4
NOISEMAP
DNL (Ref) 76.4 76.4
7




The average DNL estimates based on both weexdays' and
all-days' measurements are given in Table A-10 along with the

corresponding NOISEMAP predictions. The estimates based on the
field measurements are lower than the NOISEMAP predictions.

With only the use of measured DNL data, these
differences in measurements and predictions cannot be

resolved.

The DNL sample standard deviation values were calcu-
lated on the basls on energy at the same time the energy
average values were determined (with the hand-held calculator)
using the relationship

where

s = sample standard deviation expressed as an antilog
witg 1.0 equal to the sound level reference of 20;
N/n

n = number of DNL values in sample.

The energy standard deviation was first added to and

then subtracted from the energy mean value. These values were
then converted to dB, the mean DNL value was subtracted and the

standard deviation in terms of dB was thus calculated.

ANALYSIS USING MEASURED SEL VALUES
CORRELATION OF RECORDED SEL'S WITH TOWER LOGS

A Noise Monitor Data Tabulation Form Extenslon was
added to each page of the tower flight log. The SEL events
recorded on the portable nolse level monitor units were
correlated with tower flight log events, and the recorded data
were tabulated. A tabulation for one day, 7 June 1978, is
presented as Table A-11. This tabulation is a laborious task
which was facilitated by employing the following steps:
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. Checking for consistent time differences: The time delay
between tower events and monitor unit events was approxi-
mately 2.5 minutes for takeoffs and approximately (-)1.0
minute for approaches. The difference in time delays is
attributed to the logging procedure used in the tower.
Takeoffs and approaches were listed 1n anticipation of pas-~
sing in front of the tower. This relieved the tower person-
nel to concern themselves with the next operation instead of
waiting after clearance to land or takeoff was given.

. On the first pass through the data, i1dentifying only the
loudest aircraft, in this case B-52G and KC-135A. The
loudest aircraft are both the easiest to identify and the
dominant contributors to average day DNL levels.

. Verifying that the SEL level and duration are both consis-
tent with other results from the same type operation.

TABULATION AND AVERAGING OF SEL VELUES

Next, the SEL values were summarized by aircraft as
shown 1n Table A-12. For the heavy aircraft, the SEL events
were divided into four categories:

Stralight-in Approaches

Pattern Approaches
Pattern Takeoffs

Straight-out Takeoffs.

For the smaller alrcraft, the SEL events were divided into
only two categories:

Approaches
Takeoffs.

In Table A-12, the SEL values for each type of aircraft
operation are correlated from site to site. For example, the
first entry for site 1, 102.9, is for the same stralight-in
KC-135A approach as the first entry for site 2, 99.6 dB. At
site 3, the portable noise level monitor unit was not opera-
tional at that time because of the aforementioned paper jam.
This bookkeeping technique 1is helpful in critiquing the
results. In Table A-12, dashes represent events which did not
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TABLE A-12 MEASURED SEL TABULATION FORM, SITE {

M - Number of Measurements; € - Energy Avg., dB; S - Energy Standard Deviation, X10
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TABLE A-12 MEASURED SEL TABULATION FORM, SITE 2
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TABLE A-12 MEASURED SEL TABULATION FORM, SITE A0
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exceed the SEL threshold at the particular site. Dots repre-
sent events which occurred when the portable noise level moni-
tor was not operational at that site at the time.

Sample energy averages and standard devlations were
computed from the tabulated data using Eqs. (8) and (9).

MR

— - 1 10
L= 10 log 1z 10 (8)

q
2 — 2
Lag Lar
s = 2 —[zlao 1° - n\10 10 (9)
q

where

Lpg = individual A-weighted sound exposure level

(SEL), dB
LpAg = energy average A-welghted sound exposure
level (SEL), dB
s = gsample standard deviation for SEL values as an
antilog with l.g equal to the sound level refer-
ence of 2u N/m
n = number of SEL values 1in the sample 1 %
q = summation index for SEL values for a specific ;

ailrcraft/operation

Zero was used as the SEL level for events which did not
register at a site (dashes in Table A-12).

SYNTHESIS OF AVERAGE DAY DNL VALUES

The individual aircraft average SEL values were used to
synthesize average day DNL estimates as shown in Table A-13.
In this table the measured SEL values are expressed in deci-
bels. The equivalent day acoustic energy was derived by multi-
plying the individual energy average SEL antilog values by the




Table A-13 Summation of Mean and Variance of Measured SEL Contribution

to Synthesized DNL Values Site |
‘ rations | Aver. Day Frequency
Type | App T/0 Eg:;v. Average Equivalent Day
A/C Day, | Night|p_p Measured
—| 2l 8lal fp FN D SEL DNL Value
w| sl =fa +10Fy
KC - [V 3.180/ 0.510] 8.28 | 102.2 62.0
135A v 12.412 2.670{39.112} 101.2 67.7
v 8.2400 1.780{26.04 | 103.8 68.6
/| 2.87 0.426] 7.13) 34 72.5
H B526 | v 2.910 0.960)12.51 | 106.5 68.1
» Y 9.750 3.600(45.75 | 100.7 67.9
| "1 | 6.48q 2.400]30.48 | 106.6 72.0
/| 2.436 0.225§ 4.686] 115.3 712.6
A-37 |V 14.439 0.092|15.35 | 88.8 51.3
v 7.164 0.144] 8.609 88.8 48.7
Y 4.77d 0.099| 5.76 | 94.8 53.0
Y| s5.42d 0.140] 6,820 94-8 53.7
T-37 v/ 5.40d 0 s.a0 | 88-2 46.1
/ 19.264 0 19.26 | 88.2 51.6
/i 110.50]|0.02|10.70] 97.8 58.7
/| 3.580 0.02 | 3.78] 97.8 54.2
T-38 | v 1.780 0.102] 2.80 81.4 36.5
v/ 4.164 0.298] 7.14] 81.4 40.5
Y/ 2.548 0.172| 4.264 92.4 49.3
/| 1.19q 0.07 | 1.89q 92.4 45.8
“ T-39 | / 2.540 1.220 14,74} 92.3 54.6
?1 / 5.230 0,190} 7.13] 92.3 51.4
| / 3,490 0.820{ 11.69§ 92.3 §3.6
/| 2.379 0.1300 3.67] 92.3 48,5
Qther| v 2.80] 0.0} 3.80 - - ﬂ
/ 5.87% 0.57 | 11.57 - - i
/ 4.08/ 0.41] 8.18 - -
| /| 1.75]0.07] 2.45 - -
Totals 156.62 ll 7.238' 329
Energy Average DNL, E;;, dB 79 1
NOISEMAP DNL Prediction, dB (REF) 0.5
96
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Table A-13 Summation of Mean and Variance of Measured SEL Contribution
to Synthesized DNL Values

Site 2
, Operations | Aver. Day Frequency
k Type | App | T/0 ES:;"' Average Equivalent Day
‘ A/C Day, | Night F=F Measured
—| 8] 8[| Fp FN D SEL DNL Value
v 8| 8|2 +10F
KC - |v 3.180{ 0.510| 8.28 94.1 53.9
135A v/ 12,412 2.670(39.112 95.9 62.4
Y/ 8.240) 1.78026.04 98.3 63.1
Y| 2.870.426] 7.a31f 111.2 70.3
B52G6 |/ 2.910 0.960/12.5) 96.1 57.7
4 9.750 3.600/45.75 96.1 63.3
S 4 6.48q 2.400/30.48 | 1001 65.5
/1 2.43d 0.225| 4.686 113.4 70.7
A-37 | v 14.43qd 0.092]15.35 84.0 46.5
/ 7.164 0.144| 8.604  84.0 43.9
v/ 4.77d 0.099| 5.76 91.3 49.5
7] s.a2q 0.140| 6.820,  91.3 50.2
T-37 |/ 5.404 0 5.40 77.5 35.4
v/ 19.26Q 0 19.26 77.5 40.9
/ 10.50 | 0.02 [10.70 89.2 50.1
/| 3.58Q 0.02 | 3.78] 89.2 45.6
: 7-38 | / 1.784 0.102] 2.80 87.7 42.8
/ 4.16q 0.298] 7.14 87.7 46.8
/ 2.548 0.172| 4.264  87.5 44.4
/| 1.19¢ 0.07 [ 1.890 87.5 40.9
T-39 |/ 2.540 1.220/14.74}  88-1 50.4
% 5.230 0.190] 7.13 88.1 47.2
/ 3.49Q 0.820{ 11.69 93.9 55,2
/| 2.379 0.130 3.67 93.9 50.1
p Other| v 2.80] 0.10| 3.80 - -
L Y/ 5.87% 0.57 | 11.574 - -
~ / 4.08 0.41] 8.18 - -
/| 1.75[ 0.07 2.45 - -
; Totals 156.62 117.238] 329
Energy Average ONL, L, ., d8 75.247
NOISEMAP DNL Prediction, dB (REF) /6.
97
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Table A-13 Summation of Mean and Variance of Measured SEL Contribution
to Synthesized DNL Values

Site 3
ijons | Aver. Day Frequency
Type | App |T/0 Eg:;v' Average Equivalent Day
A/C Day, | Night|r.f Measured
= g § al Fo FN +1og SEL DNL Value
a|a N
KC - |V 3.180{ 0.510] 8.28 88.6 484
135A / 12.413 2.670]39.112 82.9 49.4
v 8.24d 1.780|26.04 87.k 52.4
/| 2.870.426] 7.131} 104-6 63.7
B52G |/ 2.910 0.960/12.5) 86.6 48.2
Y 9.750 3.600/45.75 0 0
6.480 2.400{30.48 90. 4 55.8
/| 2.43d 0.225| 4.686] 107.1 64.8
A-37 |V 14.43d 0.092|15.35 71.3 33.8
/ 169 0.144] 8.604  71.3 30.2
/ .770 0.099 5.76 86_0 44_2
1 5.420 0.140] 6.820f  86.0 44.9
T-37 |/ 5.404 0 5,40 0 0
/ 19.264 0 19.26 0 0
/{ |10.50{0.02 [10.70] 82.0 42.9
/| 3.580 0.02 | 3.78] 82.0 38.4
1-38 | v 1.784 0.102| 2.80 0 0
v 4.160 0.298] 7.14 0 0
Y 2.548 0.172] 4.264 82.2 39.1
/| 1.194 0.07 [ 1.89d 82.2 35.6
T-39 [/ 2.540 1.220014.74f  © g
/ 5.239 0.190] 7.13 0 0
/ 3.494 0.820] 11.69 87.3 48.3
/| 2.370 0.130] 3.67 87.3 43.5
Other| v 2.801 0.10| 3.80 - -
v 5.87% 0.57 | 11.579 - -
Y 4.08] 0.1 ] 8.18 - -
] /| 1.75] 0.07] 2.45 - -
Totals 156.62 lx 7.238| 329
Energy Average DNL, L, dB 68.0
NOISEMAP ONL Prediction, dB (REF) 69.4
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Table A-13 Summation of Mean and Variance of Measured SEL Contribution

to Synthesized DNL Values Site 202
jons | Aver. Day Frequency
Type | App |T/0 Eg:;v' Average Equivalent Day
A/C Day, | Night|e.f Measured
~| 8| S| o] Fp FN 0 SEL DNL Value
| ] I B +10FN ?
KC - |7 3.180 0.510| 8.28 93.0 52.8 D
135A Y 12.417 2.670(39.112 92.7 59.2
, Y 8.240) 1.780{26.04 79.8 44.6
"] 2.871 0.426] 7.1} 106-8 65.3
B526 |/ 2.910 0.960{12.51 96.2 57.8
Y 9.750 3.600/45.75 97.2 64.4
6.480 2.400|30.48 92.8 58.1
/| 2.434 0.225| 4.686| 111.5 68.8
A-37 | v 14.43d 0.092}15.35 78.9 41. 2
v/ 7.169 0.144] 8.608 78.9 28.8
v 4.77Q 0.099] 5.76 85.5 43.7 .
/| s.42q 0.140| 6.820 _85-5 44.4 |
T-37 | v 5.404 0 5.400  77.4 15 3
/ 19.260 0 19.26 ) 77.8 40.8
Y 10.50| 0.02 |10.70 ]  85.3 46.2
v| 3.58¢ 0.02| 3.78 85.3 41.7
T-38 | v 1.780 0.102{ 2.80| 79.6 34.7
v 4.16Q 0.298| 7.14| 79.6 38.7
v/ 2.548 0.172] 4.268 83.8 40.7
/1 1.199 0.07 | 1.894 83.8 37.2
T-39 [/ 2.540 1.220 14,74} 870 49.3
/ 5.230 0.190| 7.13}  87.0 46.1
’ / 3.490 0.820[ 11.69f 87.8 49.1
/| 2.379 0.130] 3.67 87.8 44.0
| Other| v 2.80] 0.10] 3.80 - -
I / 5.87% 0.57 | 11.57 - -
! /1 | 4.08] 0.a1] 8.18 - -
| /{ 1.75( 0.07| 2.45 - -
P
Totals 156.62 17.238| 329
Energy Average DNL, [, dB 72.3
NOISEMAP DNL Prediction, dB (REF) 75.8
; 99
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Table A-13 Summation of Mean and Variance of Measured SEL Contribution
to Synthesized ONL Values Site
Operations | Aver. Day Frequency
Type | App | T/0 ES;‘;"' Average Equivalent Day
A/C Day, | Night) g Measured
L = S{&lgl o FN +1og SEL DNL Value
| ol a N
{ KC - |V 3.180( 0.510| 8.28 98.5 58.3 1
135A Y 12.414 2.670|39. 12}  97.7 64.2
;, v 8.2400 1.780]26.04 0 0
’| 2.870.426] 7.0:) 1994 59.5
B526 | / 2.910 0.960(12.51 102.7 64.3
’ 9.750 3.600[45.75 | 102.9 70.1
4 6.48d 2.400]30.48 93.5 58.9
/| 2.438 0.225| 4.686 104.7 62.0
A-37 |V 14.43d 0.092{15.35 94.2 56.7
v 7.169 0.144| 8.608 94.2 54.1
/ 4.77d 0.099] 5.76 74.7 32.9
| s.424 0.140| 6.820 747 33.6
T-37 [/ 5.40d 0 5.40 87.4 45.3
/ 19.264 0 19.26 87.4 50.8
/| |10.50]0.02]10.70] 76.0 36.9
, V| 3.580 0.02 | 3.78] 76.0 32.4
7-38 | v 1.78¢ 0.102] 2.80 93.0 48.1
/ 4.164 0.298) 7.14f g3 g £2 ]
/ 2.548 0.172| 4.26¢ 77.1 240
/| 1.199 0.07| 1.89¢d ;7.7 30.5
T-39 | v/ 2.54Q 1.22014.74 89.7 52.0
% 5.230 0.190{ 7.13 89.7 48.8
/ 3.499 0.820} 11.69 79.7 41.0
/| 2.379 0.130] 3.67 79.7 35.9
Other| v 2.80] 0.10] 3.80 - -
v 5.87% 0.57 | 11.57¢ - -
v/ 4.08/ 0.41| 8.18 - -
/| 1.75] 0.07] 2.45 - -
————
Totals ﬁlse.sz 17.238 329
Energy Average DNL, L, d8 73.2
(_NOISEMAP DNL Predjction, dB (REF) 73.7
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NOISEMAP equivalent day frequency of occurrence F, summing,
taking 10 times the logarithm of the sum and subtracting 49.4
dB for the number of seconds 1n a day. In equation form:

Ld_n = 10 log(li E . F) - 49.4 (10)

where
F = equlvalent day average day aircraft frequency

E = energy average of SEL measurements for a specific
aircraft/operation combination expressed as an
antilog

k = summation index for different aircraft/operations.

Expressing the equivalent day DNL value for each type
of alrcraft operation in Table A-13 emphasizes the differences
between the nolse levels due to different aircraft. Summing
the equivalent day energy values for the four smaller aircraft
shows that they account for only 2.5 to 5 percent of the total
energy. Excluding the four smaller aircraft decreases the DNL
estimates by an average of only 0.2 dB, Table A-14.

Comparison of the SEL-based estimates from Table A-14
with the DNL-based estimates of Table A-10Q0 shows that the SEL-
based estimates are slightly higher. However, comparison with
NOISEMAP values shows that SEL-based estimates are still con-
sistently lower than predictions.

The use of SEL measurements to estimate average day DNL
values has reduced the potentlial field test bias because the
mix of operatlions durlng the fleld test is not a factor. 1In
addition, the statistical uncertainty should be reduced because
the number of data samples has been increased from the numbers :
of days to numbers of aircraft. Therefore, the most likely :
cause of the differences between measurements-based estimates :
and NOISEMAP predictions is incorrect NOISEMAP input data. ’

ANALYSIS BY EXTRAPOLATION FROM KEY SITE
DNL ESTIMATE USING MEASURED HNL VALUES

COMPUTATION OF ENERGY AVERAGE HNL VALUES

To extrapolate from the key site (Site 2) to satellite
sites (Sites 1, 3, 202, 203, and 4), energy average HNL values

101
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were computed for all sites from the HNL values listed in Table
A-6. The averages were taken only for data measured simultan-
eously at the key site and the particular satellite site.
Therefore, five different energy average HNL values were com-
puted for Site 2 because no satellite slte was operational for
exactly the same time period as any other satellite site. The
computation of energy average HNL was facilitated by using LEQ
values for complete days, Eq. (12).

o

Loy

h
— _ 1 10 10
Lh = 10 log 5T3d + 5 24 ilo + i 10 (12)
where
Iy, = energy average HNL value, dB
Loy = twenty-four hour average noise level (LEQ), dB
Ly = hourly nolse level (HNL), dB
L = summation index for complete measurement days at both
key slite and satellite site
i = summation index for hours from incomplete measurement
days at both key site and satellite site
d = number of complete measurement days at both key site
and satellite site
h = number of hourly nolse level values from incomplete

measurment days at both key site and satellite site.

In Table A~15 the energy average HNL values are pre-

sented, the site-to-site differences calculated, and the
extrapolations from Site 2 to the satellite sites performed.

Extrapolations from two different Site 2 average day

DNL estimates are presented, one based on DNL measurements and
the other based on SEL measurements.
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POST TEST BIAS CORRECTIONS

Four types of post test overall corrections were con-
sidered. These were for atmospheric absorption blas, for tem-
perature bias, for calibrator calibration bias, and for cali-
brator altitude correction.

An atmospheric absorption or humidity bias was evalu-
ated by comparing the atmospheric absorption during the field
test with average yearly atmospheric absorption. The atmos-
pheric absorption values were determined by plotting tempera-
ture and relative humidity values on an absorption contour,
Figure A-3. TFor the field test, temperature and relative
humidity values’ taken every three hours were averaged separate-
ly, yielding 78.1° F and 73.5 percent relative humidity.
Averaging the two parameters separately instead of plotting
every point is valid because the points tend to lie on a
straight line. This 1is evidenced by the monthly average data,
also presented in Figure A-3. The atmospheric absorption
difference between the field test and yearly average is 0.13
dB/1000 feet at 1000 Hz. An additional 0.1 dB/1000 feet at
1000 Hz exists between the Barksdale AFB yearly average and
standard conditions (59° F, 70 percent relative humidity) which
were used for the NOISEMAP computations.

The average temperature being greater than standard
conditions also tends to decrease the noise levels because of
decreased thrust and impedance changes. This is balanced some-
what by an increase in noise levels with decreased aircraft
speed. Figure A-U4 shows the combination of these temperature
effects. For the Barksdale AFB field test, the estimated de-
crease in nolse level due to increased temperature is 0.7 dB.

However, applying the corrections for these biases was
considered unsound, especially for large slant distances (over
4000 feet) for two reasons:

. The higher than average temperature during the field test
also affects the measured nolse levels by lowerling climb
performance. Bilas error corrections should include factors
for this phenomena.

. For long slant distances, the peak in the frequency spectra
tends to be shifted lower than 1000 Hz. Precise corrections
should take the frequency spectra into consideration.
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Instead of applying corrections, the atmospheric
absorption bias, 0.1 to 0.2 dB, has been used as a measure of
uncertainty in computing confidence intervals. The
temperature-thrust blas has also been used as another
contributor to the uncertainty.

Calibrator calibration blas, on the other hand, has
been identified and corrections applied. Before the field test
program, the calibrators were checked against a B&K model 4220
pistonphone using a variety of microphones as transfer
transducers. The results showed the calibrators consistently
producing 114.4 dB. After the field test, this was confirmed
by factory calibration by GEN/RAD. As a result of this well
documented bias, the experimental results were increased by 0.4
dB. This correction was applied to all reported levels
throughout this document.

The acoustic output of calibrators decreases with .
atmospheric pressure at a rate of approximately 0.2 dB per 1000 ;
feet altitude. However, the altitude at Barksdale AFB is only ;
164 feet above sea level. Since the resulting error is less
than 0.05 dB, no corrections were applied to the measured
levels.

CONFIDENCE LIMITS ;

Statistical confidence limits were derived from the
measured data for all estimates of yearly average DNL. The 90
percent level confidence coefficient was employed. The selec-
tion of this confidence coefficient was essentially arbitrary,
but it is consistent with current practice. In addition to the
variabilities in the measured data, other uncertainties were
evaluated. These include uncorrected temperature-humidity
absorption bias, uncorrected temperature-~thrust bias, instru-~
mentation errors which weren't averaged during the fleld test,
and unrepresentative flight activity during the field test.
The arlances from all sources of error were combined to arrive
at overall confidence intervals.

CONFIDENCE LIMITS FOR DNL-BASED ESTIMATES

Statistical confidence limits for the estimated yearly
average DNL values were derived from the measured data. For
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estimates obtalned from the measured DNL values, the Student t
statistic with the number of degrees of freedom equal to one
less than the sample size was utilized (see Table A-16).

The confidence limits were calculated from the DNL
statistics of Table A-10 as follows.

Confidence limits = 10 logl?nergy Avg. + Energy Std Dev| (14)

ol

|t

For example, from Table A-10, for Site 2 with corrections for

total aircraft volume,

12.7
? Confidence limits = 10 log[lo 10, L-T8 (q uy & 107)] (15)

J T4 48 Vi3
70.6
The confidence interval is the difference between the upper and
lower 1imit, in this case 74.1 (=) 70.6 = 3.5 dB or 1.4,- 2.1
dB in relation to the average 72.7 dB.

The average day DNL estimates and the assoclated confi-
dence intervals are summarized in Table A-17.

CONFIDENCE LIMITS FOR SEL-BASED ESTIMATES

Statistical confidence limits for the SEL-based esti-
mates of yearly average DNL values were derived from the
measured data. With the large number of SEL samples contrib-
uting to the computation, the normal distribution statistic for
the 90th percentile, 1.6k4, was used. (Note that this is the
limiting value for the Student t distribution as the sample

size becomes large, Table A-16.) Confldence limits were calcu-
lated as follows:

Confidence limits = 10 1og[£(§ F) + 1.64 \fp(i_)2]- Lo.4 (16)
k
n
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TABLE A-16 STUDENT t STATISTICAL DISTRIBUTION FACTORS
FOR 90% CONFIDENCE IN ESTIMATION OF MEAN

Statistical Student
Number Degrees t factor
of of for 90% tAJ;
Samples Freedom Confidence
2 1 6.31 4, 46
3 2 2.92 1.69
4 3 2.35 1.18
5 ] 2.13 0.95
6 5 2.02 0.82
7 6 1.94 0.73
8 7 1.90 0.67
9 8 1.86 0.62
10 9 1.83 0.58
11 10 1.81 0.55
12 11 1.80 0.52
13 12 1.78 0.49
14 13 1.77 0.47
15 14 1.76 0.45
16 15 1.75 0.44
17 16 1.75 0.42
18 17 1.74 0.41
19 18 1.73 0.40
20 19 1.73 0.39
21 20 1.73 0.38
22 21 1.72 0.37
23 22 1.72 0.36
24 23 1.71 0.35
25 24 1.71 0.34
26 25 1.71 0.34
27 26 1.71 0.33
28 27 1.70 0.32
29 28 1.70 0.32
30 29 1.70 0.31
31 30 1.70 0.31
oo © 1.64 0
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F = equivalent day, average day alrcraft frequency

E = energy average of SEL measurements for a specific air-
craft/operation combinatlion expresses as an antllog

s = standard deviation of energy of SEL measurements
k = summation index for different aircraft/operations

For example, from Table A-18 for Site 2

2
Confidence limits = 10 log [296.u9x 10%° + 1.64 V99.85x10 0]— bo.4

= 75.6/75.1 (n)
The confidence interval 1s +0.3, ~0.2 in relation to the
average value of 75.3 dB. The average day DNL estimates with
assoclated confidence intervals are summarized in Table A-17.
CONFIDENCE LIMITS FOR EXTRAPOLATIONS FROM KEY SITE
Statistical confidence limits for the yearly average DNL

estimates based on extrapolations from the key site were deter-
mined by combining the key site variability and the varlability
of HNL differences

Confidence limits = L.+ A + 1,64  _CI 2 2 (18)

dn (ETTTBW)) + Sy

where

Ldn = key site yearly average DNL estimate, dB

A = average energy HNL difference, satellite site (-) key

site, dB
CI = confldence interval for the key site DNL estimate, dB

SA = gstandard deviation of the arithmetic differences in HNL
values, satellite site (-) key site.
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TABLE A-13 SUMMATION OF MEAN AND VARIANCE OF MEASURED SEL CONTRIBUTION
TO SYNTHESIZED DNL VALUES.

Type

A/C

KC -
135A

B52G

A-37 | /]|

T-37

1-38 |

T-39

Othefkr

‘Patt

<

FH 4
o o0 o o'o

)
~

Frequenc .. Measured S _Equiv, Day . |
Eneray!Energy Vari-
Eneray | Mean | Std Energyfence,
Night Avg, | E, |Dev, S E- Fls miT
Fo B 1071010710 x10719] x10-20
.510] .28 |oa1 | 26| -23 (a0 | .04 |2.35 | .00 |
670 95.9 39| .91 15.25 | .32
.780]26.04 J98.3 | .68] 3.10 | 7.1 |5.27 ]
.a26] 71312 _1;.}_8?14.5 I 93.99 h2.80 T
960 9.1 | 41| 2321 5.13 | .03 |
.600 9.1 41| .30 [ 69 18.76 | .07
.40030.48 | 100.1 | 1.02] 2.77 31.09 |2.93
0.225] 4.686] 113.4 | 21.88[17.0 02.53 |48.29 |
0.092]15. 84.0 | .03] .09 46 | .00
| 0.144] 8.608 84.0 [ .03 .09 | 26 | .00 |
0.099) 9.3 | 3) .22 75 | .01 ]
0.140 91.3 13) .22 .89 | .03
- 7.5 | o1 .o07] 05 | .00 ]
, 77.5 | .01 _.007 19 | .00
.02 89.2 | .08 .12 | -86 o1 |
02| 3.78) 89.2) .08 .12 -30 | .00 |
102 I s7.7| .o6| .16 17| .00
.298 &7 | .06 .16 a3 | .00 |
172 87.5 | .06 .06 ] 26 [ .00 ]
.07 | 87.5| .06l .06 1] .00
220) 8s.1| .06 .14 88| .o |
190 8.1 .o .14 a3 o]
820 93.9 | .28 .43 2.92| .01 ]
130 93.9| .29 .43 92| .04
ol seof - |1 1 1| _ ]
s7 sy - | ] ]
M
07 | I Y B T
- ————r—z——L» == = = = 4
.23d 329 296.49 99.85

*F =
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For example, from the example given as Eq. (14) (or
from Table A-17), the confidence interval for the Site 2 DNL
{ estimate based on all days DNL's corrected for total aircraft
volume is +1.4, -2.1 dB. In addition, from Table A-15, the
standard deviation for the average difference between Site 1
and Site 2 is 0.5 dB. Table A-15 also derives the nominal
3 extrapolated DNL value for Site 1 which is 72.7 + 3 = 75.7 d4B.
‘ Therefore, the confidence limits for the Site 1 DNL estimate
is

(19)

Confidence limits = 75.7 + 1.64 1.4 + 2.1 2 2
i - —grifgzy—) + (0.5)

77.6/73.8 dB

The confidence interval is + 1.9 dB. The extrapolated average
day DNL estimates with associated confidence intervals for all
satellite sites are summarized in Table A-17.

Unfortunately, this calculation procedure is not rigor-
ously sound for two reasons. Pirst, the confidence intervals
for the key site DNL-based estimate was determined using the
Student t distribution. Use of Eq. 19 assumes that the confi-
dence interval has an equivalent normal distribution variance.
However, the result tends to be conservative, producing a lar-
ger variance than the original sample mean variance. Second,
using the arithmetic difference is inconsistent. However, com-
puting the variance of the ratio of two random variables (in
this case the average acoustic energy at two sites) is extreme-
ly difficult. An alternate approach, summing the variances of
the estimates of sample averages, would be correct only if the
standard deviations are relatively small. Suffice to say that
the procedure used produces credible values.

OTHER ERROR SOURCES AND OVERALL CONFIDENCE INTERVALS

In addition to the variability within sets of measured
data, other factors contribute to the uncertainty in the final
result. The factors and the estimated values are as follows:

Factors Type Error Value, 4B
Temperature-thrust Uncorrected bias 0.7
Temperature-humidity

absorption Uncorrected bias 0.4
Instrumentation Uncertainty 0.2
Field Test Uncertainty 0.

Root sum square total 0.97
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The temperature and humidity bias errors were identi-
fied, evaluated, but not corrected for in the section on Post
Test Bias Corrections. These uncorrected bias errors are
simply squared and added to the variance of the random errors.

The variability of instrumentation errors which vary
day to day are already accounted for in the variability in the
measured data. Instrumentation errors which do not average out
(for example a nighttime sensitivity increase or decrease) add
additional uncertainty. This error source is considered small,
0.2 dB.

Finally, aircraft operational factors which are under
the pilot's control are usually assumed to be represented
faithfully, on the average, during the field test. These fac-
tors are power settings, speeds/altitude profiles, and flight
tracks. If these factors were indeed representative during the
field test, no bias error results from extrapolation of
measured noise levels to yearly average day DNL estimates.
However, experience has shown that this is not exactly the
case. Repeating field measurement programs under apparently
identical conditions produces differences in results which are
not accountable for by the measurement variability. Based on
this somewhat qualitative experience, a value of 0.5 dB was
chosen for this factor.

The overall standard deviation of the other error
sources (0.97 dB) was combined with confidence intervals
obtained from measurement variability (Table A~17), to arrive
at "realistic" confidence intervals as follows:

Realistic Confidence Interval = +1.64

Vst 2 + (0.91% (20)
where
CI = confidence interval from measurements.
The "realistic" confidence intervals are listed with
the calibrator bias corrected DNL estimates in Table A-19. In-

gpection of the confidence intervals in Table A-19 shows that
statistical accuracy of SEL-derived estimates is better than
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for DNL-derived estimates but not by as great a margin as indi-
cated in the previous table (which was based only on measure-
ment variability). Another important observation is that the
"realistic" confidence intervals do not account for the differ-
ences between measured and predicted DNL values.

CRITIQUE OF FIELD MEASUREMENT RESULTS

In the previous section, the average day DNL estimates
for all sites at Barksdale AFB were found to be consistently
lower than NOISEMAP predictions. In this section, the differ-
ences are traced through individual aircraft/operation SEL
differences to incorrect NOISEMAP input data. This procedure
requires accurate reconstruction of aircraft flight profiles
from NOISEMAP chronicles to arrive at a close approximation of
NOISEMAP SEL values.

NOISEFILE 1.0 SEL VALUES

Nominal SEL values for most military aircraft have been
determined as a function of slant distance. The compilation of
these data is called NOISEFILE 1.0. The data are available
both in computer tape files and in report form, References
18-23. Listings are presented for takeoff power, cruise power,
and approach power for each aircraft. Additional listings are
presented for special power settings such as afterburner and
water injection. Reference 18 also presents a method for
ad justing the SEL values for power settings and speeds which
are not identical to the nominal values.

The first step in computing NOISEMAP SEL's was to
assemble the SEL listings from References 18-23 for the air-
craft at Barksdale AFB as shown in Table A-20. This summary
identifies the type of aircraft, the unique aircraft/operation
code, the power setting expressed in RPM and/or EPR, and the
aircraft speed. Both air-to-ground and ground-to-ground list-
ings are presented.

NOISEMAP AIRCRAFT OPERATIONAL PARAMETERS

The information which is input to NOISEMAP to describe
each individual aircraft mission is listed in the NOISEMAP
chronicles. The mission frequencies are summarized, but other
parameters appear in the order in which the input data package
was assembled. The parameters used to reconstruct NOISEMAP SEL
values are:
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TABLE 7=20 NOISEFILE 1.0 SEL SUMMARY (590F, 707 R.H.)
Air-To-Ground Propaaation, Operation/Power Setting: Takeoff

EIALL Type P‘KC-‘BbBJ WC135A(8-52-6 | A-37 | T-37 | T-38 | T-38 FT—W C-130A B
o ‘o 0%é o4? o4 a4 3 3~ | p32 " | 006
acciore | Fien |0 | O |Pes | ¥ | Ml [92%3 1 en | Cin |
3 e 4 ! 8
Jlreweer |Pass| Yaus| a3t 100 | 99 | 100 jro0 100 “Pg. ]
| Glkngts 200 1200 | 1o | 200 | 110 | >0 | 300 l130 lige |
200 1128.6]12649(129.9 [115.2 (10742 [ 1234811541 | 155,4] 9343 |
352 [127,1 1250612846 {113.9 (10540112240 (113.9} 111,1( 37.2
215 |12546|12602{12746 [112,7 (104481 12041111246|109,g| Jbel
400 l126.2 122.8]126+1 (111,3 {103.6(133.3/411.3)1p938,¢| 94.9!
540 1122,7112141124¢7 [ 110,0 102.2] 11604 10909'107,3 91.7)
63¢C [121,2(12040{123.3 {10845 |100+9] 1144610845 i105,9| 92¢4
800 1119.5111845/12149 |107,0 | 99.4|112.9110740 104,4| 9101 |
i 1 i '
1000 118.2]117.0]12040 | 4p5.06 | 97.9{111.2 105.uf102,9[ 83,8
1250 116,61 1154511848 1103,7 | 9643 10945110346 1101,3; 88,64
1600 115.0 | 113.8[11741 [ 102.9 | 9%+6[107.8 {10148 93.5 | 85.9 ;
2000 113.2{112.1]115.3| 99,5 92.8{106.9{ 93.9 . g7,8 | 85.4 ,
2500 111,6]11043]| 1134 | 97,8 | 9049{106e0( 97,81 95,3 | 87,8 |
315¢ 109.4 /1084411144 95,6 88.91102.01 35.6, 93,8 82'11
4300 107,31106.4(103.3 93,2 | B80e7| 33¢9| 9342 gi1,5 8ok |
5000 105,0 (106621070 | ag,6 | B84e4| 976 3346 ' 83,3 | 79,5
6300 102.6(101.9(104.5| 87,9 | 81¢9] 95.2| 8749 86.9 | 76,5 |
8000 10040 99+%[20249 84,9 79+2] 92e5) 85.0) Bu.2 | 74,3 ;
106000 97.2] 96+7] 99,1 B1,8 ;;’g 2‘3-6 8148 811 | 72,1
12530 et | 93.8( 9640 78,4 . 5¢51 7844]78.3 | 69,8
16000 90,9 9047] 9248 74,7 | ©9¢6] 83421 4,8 | ?uet | g7.4
20000 B7.le 87.3 89.2 70.9 6S5e7 ??06 7140 ‘/1/."1 65,1
25000 83.6| 83,7| 85.4| pp,8| 6146 7581 g9 | ") g5 7
. ound-To-Ground Propagation, Operation/Power Setting:
-
[ A/ Tyre s Ke-ns |56 | a-37 | 7-31 | 7-38 | 7-38 | 7-39 [e-sea]
= + 636~ {oak” loyd |So% oat~ |0 3 033 632~ | 80~
| EETR e A Al A AT AR AL Ak Al A
o ! [
t 3L RewEPR [ 9955s] Wans| Yimn | Joo 199 Lo [1o0 1100 | Yol |
; ol knots _ J|deo |geo | 170 | 300 |[70 | 300 |300 |/86 /70 | |
L - sl U S At S S b2 AU A S SN A g
B coo 123.6(121.9 | 12449 11002 |10202] 118.8]120.1107.6] 933
250 122.1/120.6 | 123.6]108.9 [102.0]137,0] 108,29/ 106.1] 92,2
315 120.6/119.2 ] 122.6|107,7 | 99.8[115,1]|107.6,104.9] S1.1
400 119.1]417.8) 121+1]106.3 | 986 113,3]136.3|103.6| 89.9
500 117.7/146.6 ] 119,7/20540 | 9742 111,64 |10.9|102.2| 88,7
63¢C 1162/ 116,91 118.3/20345 | 9509]109.5|103.5[103.8( 87,4
800 116.6/113.5 | 116.8]102.0 [ 992%]107.9]102.0| 99¢4| B6.1
1000 113.1|111.9 | 1153|100t [ 92¢91106,2 (10043, 978 Bl.7
1250 111.3{110.3 | 1137 98,7 | 9242 1064.6{ 98.6] 9642| 83,2
1600 109.5(108.5 [ 112.0{ 9648 { 83¢5]|102.6| 9648 Fu.b| 81,6
2000 107.6/106,7 | 110+1] 94,8 ] 87+6/160,7 | 94.8] 92.6) 79.9
2500 10543[106,.5 | 208.1] 9247 | 85+5| 98,56 | 92.6] 90et| 77.9
3150 102.6]102.1 | 105.8] 90.3 ) 83+2| 96,2 90,2] 88.0( 75.6
4000 99.4] 99,2 1103.1| 87,6 | BDeb) g3,5| 87.6| 8543 73.0
5600 95.7| 95,8 | 100,0| 84eS | 7742] 90,2 | Blbst| B2s1| 7040
6300 91.5| 92,0} 96¢5] 81,0 | 73.6] 86,6 | 81,0 78+5| 6647
8000 87.8| 88,71 93.3| 77.6 | 7043] 83,3 77,5| 75.2| 63.7
10000 83.7| 85,0 | 89+7| 73.7 | 6646| 79,6 | 73,7 7let| 60,4
12500 7941| 80,8 | 85¢7| 6945 | 62+5( 75.6 | 69,5 673 5p6.8
16000 7349 76,2 | 81e3) 66s7 | 5743| 7047 | 64 7| 62e7( 52,7
20000 6803| 71,1 | 7604 5346 | 5247 65.4 | 59,4| 57¢5] 48,5
25000 62¢3{ 65,4 | 70e8( 53,4 | 6.9} 59,5 | 53,5 5148 4,2
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TABLE A-20 NOISEFILE 1.0 SEL SUMMARY (59°F, 70% R.H.)

A}ir-To-Ground Propagation, Operation/Power Setting: /

RUISE

;_Azumlk@m;sa-s 237 |7-37 |T-38 | T-39 | ]
+3 . 024/ los o3 033/ |o
2 accsore | P64 %oy | 4] oy .
P eol®Fml 72 | 10 |70 (i
300 | 250 [300 | 235 |300 |aso
200 10848{113.4| 95.9 | 97.9 | 95,8 (101.8
250 10745/ 112,2) 9%.8 | 9647 | 94,6 | 100,7
315 10662/110+9] 9346 | 955 | 93,4 | 99,4
400 10448/10946| 92.3 | 942 | 92,2 | 98.2
S80 103.3{108.2| 91.0 | 9249 | 90,9 | 96.9
630 10148/106.8) 89,7 | 91+5 | 89,6 | 95.5
800 100.2|105.3| 88,3 | 90.0 | 88,2 | 94.0
1000 98.5/103.7| 86,8 | B8ek | B6.7 | 92.4
1250 96.8{102+1| 85.2 | 86e8 | 8541 | 90.8
1600 9449|1003 83.6 | 8540 | 83.5]| 8%.0
2000 93.0| 9845 B1.8 | 83e2 | 81,7 87.2
2500 9160 9645) 79,9 | BL1e3 | 79.8 | 85,1
31s5¢ 8Be8| Qe | 77,9 | 792 | 77.8| 82.9
4006 86.6] 9242 | 75,7 | 7649 | 75.56 | 80.5
5000 86.2] 89,81 73,3 | Theb | 73.3| 78,0
6300 B81.6| 87.3| 70.8 | 7240 | 7047 75.3
10000 75¢8] 818 6540 | 6642 | 6560 | 6943
12500 72.6] 7848 | 61.8 63.0 61.8 66,1
16000 69,0 75.6 | S8. 4 53,5 5844 6246
20000 65:2( 72.1 (5448 | 5547 | 5448 59,0
25000 61e1| 6844 51.0 | 54,7 | 5140 55,1
Lround-To-Ground Propagation, Operation/Power Setting:
=) .
«| A/C Tyre \kepssa | 8526 | A-37 | T-37 | T-38 | 7-39
+5 023 o 504 [>Y o3 o
o Acc/ope 9%, | * Doy q%q et | ??m
o) < 0 0, 0,
S RP/EPR 8675693544 4 ik
o) Knots 300 | asn | 300 | 225 | 3% | 250
200 10348110844 | 90.9 | 92.9|90.8 [9648
250 10245(107¢2 | 8948 | 91,7 | 896 [ 9547
315 101421105,9 | 88.6 | 9045|8804 | Qbet
400 9948 (106e6 | 87.3 | 83.2 8742 | 3362
50Q 9843(103.2 | 8640 | 8749 |85.9 [ 9168
630 96¢8 10148 | B4e7 | B6sS |B4eb [ 9045
800 85,2 (100.3 | 83.3 | 85.0 | 83.1 {8940
1000 93,5 98.7 81,8 8344 81.7 87.4
1250 91.7| 97.0 | 80.2 | 81.7 | 80.1 | 8548
1600 89.8| 95,2 | 78.5 | 80.0|78.0 | 84,0
2000 87.8] 93.3 76.7 7917645 82.1
2500 85.6) 91,2 Tueb 760 | 7445 79.9
REET 83.4 88,8 T2l 73,7723 77.6
000 80,3 86.1 63,8 T1.1 | 8947 74«9
5000 77.0| 83,0 | 66¢8 | 6840|6647 | 7147
6300 73¢3] 79.5 | 6345 64e6 | 6343 | 6842
69.8| 76,2 | 60s1 ] 61436040 | 64e7
8000
10000 66.0| 7245 | 560t ] 57,6 | 5644 | 60.9
12500 61.7 | 68.5 | 52+ 53.,5[52.3 | 56,7
16000 56.9 | 6460 | 47e6 | 48,9 4747 [ 52,0
20000 51.5 59,0 “2"; k3.7 | 4246 4649
. 36 .
25000 45,4 | 5345 . 37.9| 369 | 4142
119
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TABLE A-20 NOISEFILE 1.0 SEL SUMMARY (59°F, 70% R.H.)

Air-To-Ground Propagation, Operation/Power Setting: 4

PPROAL H

e
£ ﬂ@.h&kﬂy@;{gﬁmmz 7-37.17-38 | 7239 |-
3 o3 o 3 (4
o} ACCLOPC_| 79‘ oi’%_ Al A -‘{Z%S |
o (% 9 / 9.
t 2| rewepn | orzs| o575 Y ||V Py
L Sl knots 1760 1 190 [ 170 1105 170 | 115 190
200 11542/ 448,0(100.% [203.0 |100+3100.7 | 958
s 250 11640 116,7! 99,2 1101.8 | 99,2 99,5 | 95.6
315 1112431 115,5] 9840 1100.6 | 98.0( 98,3 | I4et
“00 "111:5)114,2] 9648 | 99.3' 96,8' 97,1 | 9342
S0 1110421112,9] 95+6 | 9840 | 95.5| 95,8 [ 9149
630 (10848111145] o3| 9647 | 94e2| 9ue5 | 9046
800 ilor.u 11041] 9249 | 95,2 32,9 93,1 | 89.2
1000 1105,9(108.6] 9145 | 9347 | 914 91,6 | 8747
1250 ' 104.4{107,0) 9040 | 92.2 | 89.9| 90,0 | 86.2
1600 1102.3]105.4! 8844 | 9045 | 88.3] 88,4 | J6e6
2000 | 161.1/103.7| 80,7 | 88.8 | 86.6| 85.6 | 82,8 !
2500 | 99.3/201e9] Bis9 | 8740 | Bu.8| 8ua7 | 8140
315¢ U 97.4/100.0] 82,9 85.0| 82.9, 8246 | 79.1 |
4G00¢C 95,4 97,9 80.9 82.9 80.8 80.5 77,1
5000 93,2| 95¢7| 7846 | 807 | 78.5| 78.2 | 7540
6300 90,91 93ek| 7662 | 7843 | 7641 757 | 72,7
8000 88,5| 9049 736 TSe7 | 73.5]| 73.1 | 7043
10000 85,8 8843] 7048 | 72.9| 70.7] 70.3 [ 67.8
12500 83,0 85,4 67.8 69,8 67.8 6743 6542
16000 79.9] 82.ts| Bhe7 ] BBe5 | Blsb| B4el | 6245
20000 76.6| 7941 6143 | 6248 61,2| 607 | 59,8
25000 73.0| 75.7| 577 5848 57,6 57«2 | 57.0
Ground-To-Ground Propagation, Operation/Power Setting: APPM
e §
FLNC Tyre Jroiy| gs3-6| 437 | 707 | T30 [T 304
S s o093~ | So%/ o o33~ |0
s Acc/ope *35e Py | 2tas 268 5 e
S 9o 97 v 79.5,
| RPWEPR |89 0852|127 |V 115 e
| Knots /60 | y40 | I7TO | toS | 170 /18 | 140
206 11042/ 113.0| 95.4] 9840 | 95.3 [ 95,7 | 91.8
250 109.0/111.7] 94.2] 9648 | 9442 | 94,5 | 9046
315 107.8{110.5| 93,0 95¢6 [ 9340 | 93,3 | 83.4
400 17645(109¢2] 9148 9%e3 [ 9148 | 92,1 [ 88,2
580 135.2(107.9 90.6| 930 9045 30.8 8649
630 103.8{10645| 89.3| 9146 { 83.2 | 89.5 | 85,5
800 102,3/105.0| 87.9| 90.2 | 87.8 | 8a.0 | 84.1
1000 1008/ 103.5] B6els| 88e7 | Bool | 8645 | B246
1250 93,3/101.9| 64,9 | B7e1 | 8448 | 84,9 8140
i 1600 97.6[10042| 83,2 834 | 83,21 83,2 7943
' 2000 95,8 9844 81.5| 83+5 | 81,4 | 81,4 77,5
2500 g3,3| 96eb4| 79.5| Ble4 | 79,4 | 79,3 | 75,5
3150 91¢5| Qbet| 77.3| 7940 | 77,2 77.0| 73.2
%000 88.9| 9145 74e?| 7603 | 74,6 | 74s3 | 7046
500p - || 85.8| 88en| 7147 | 7360 | 71,61 7142 67,5
6300 82.4| B85.0f 684t | 696 [ 68,21 677 | bust
8000 79.2| 81.8] 65,2 | 66l | 65,0 | buut | 61,2
10000 75,5 78¢3] 6146 | 8204 | 61,4 6047 | 57,4
72,01 74e3] 5746 | 38e4 1 57,51 56,6 53,5
12500 L 5 .
16000 67.8 1 70+0| 53,1 5338 [ 53,0 5241 49,2
25000 63,1 | 6502 48e1 | “8e7 | 48,1 7.2 | 44,5
55000 57,8 5948] 4246 427 [ 42,6 | 41e? | 39,4

120



Flight tracks
Altitude profiles
Delta SEL

Typically, this data will be taken directly from the
NOISEMAP chronicles. However, the speed and power setting data
used to develop the NOISEMAP inputs were found to be incorrect
for the two major aircraft, KC-135A and B52-G. A telephone
conversation with Barksdale AFB, Hq. SAC/DEV and AFETOQ/DEE
resulted in the following revised power and airspeeds:

KC-135A 1.50 EPR @ 140 knots for approach and approach pattern

1.80 EPR @ 180 knots for takeoff pattern
2.20 EPR @ 215 knots for takeoff for Sites 1, 2, 3
@ 250 knots for Site 202
@ 285 knots for Site 203
B-52G 1.50 EPR @ 140 knots for approach and approach pattern
1.80 EPR @ 180 knots for takeoff pattern
2.20 EPR @ 200 knots for takeoff for Sites 1, 2, 3
@ 250 knots for Site 202
@ 285 knots for Site 203

Table A-20 gives the nominal SEL values for the various

aircraft. Tables A2]1-A26 give the equivalent NOISEMAP SEL's
for the KC-1%5A and B-52G.

COMPARISON OF MEASURED AND PREDICTED SEL VALUES

In Tables A28-A32 the average measured SEL values, from
Table A-12, are with the NOISEMAP SEL values from Tables
A21-A27. All five measurement sites to the north of the runway
were so evaluated. In Tables A28-A32 the significance of SEL

difference is dependent on how much the particular mission
contributes to the DNL.

The total DNL values calculated using measured data is
within one dB of the calculated values using the NOISEMAP in-
puts. However, the difference in calculated values for indi-
vidual procedures was often several dB. These differences are
seen for both types of aircraft. The calculated values are
consistently lower than the original NOISEMAP values. Up to .3
dB of this difference can be attributed to the fact that only
the heavy aircraft were used in the calculations (see Table
A-14). The remaining difference probably results from incor-
rect delta SEL values being used in the original NOISEMAP run.
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